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Stability of the photon indices in Z-source GX 340+0 for spectral 

states 

Elena Seifina^, Lev Titarchuk^ & Filippo Frontera^ 
ABSTRACT 

We show an analysis of the spectral and timing properties of X-ray radiation 
from Z-source GX 340-1-0 during its evolutions when the electron temperature 
of the Transition Layer (TL) kTe monotonically decreases from 21 to 3 keV. We 
analyze episodes observed with the BeppoSAX and Rossi X-ray Timing Explorer 
(RXTE). We reveal that the X-ray broad-band energy spectra during all spectral 
states can be reproduced by a physical model, composed of a soft Blackhody 
component, two Comptonized components (both due to the presence of that TL 
that up-scatters both seed photons of Tgi < 1 keV coming from the disk (first 
component Comptbl), and seed photons of temperature Ts2^1.5 keV coming 
from the neutron star (second component Comptb2) and the iron-line ( Gaussian) 
component. Spectral analysis using this model indicates that the photon power- 
law indices Tcomi and Tcom2 of the Comptonized components are almost constant, 
Lcomi and Tcom2 ~ 2 when kTe changes from 3 to 21 keV along Z-track. We inter- 
pret the detected quasi-stability of the indices of Comptonized components near 
a value of 2. Furthermore, this index stability now found for the Comptonized 
spectral components of Z— source GX 340-1-0 is similar to that was previously 
established in the atoll sources 4U 1728-34, GX 3-1-1 and early proposed for a 
number of X-ray neutron stars (NSs). This behavior of NSs both for atoll and 
Z-sources, is essentially different from that observed in black hole binaries where 
Tcom increases during a spectral evolution from the low state to the high state 
and ultimately saturates at high mass accretion rate. 
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1. Introduction 

The study of binaries hosting neutron stars (NSs) allows one to investigate properties 
of compact objects themselves and to better understand the differences between black hole 
(BH) and NS systems. Low-mass X-ray binaries (LMXBs) including weakly magnetized 
neutron stars may be observationally divided into two main sub-classes, so called Z and 
atoll sources, based upon correlations between their spectral and timing properties during 
state evolution in X-ray wavelengths (Hasinger & van der Klis 1989). The similarity and 
differences between atoll and Z sources are clear visible on the color-color diagram (CCD) 
or hardness-intensity diagram (HID) and determined by their timing properties. 

The Z-shaped track shown by Z-sources in the CCD or HID consist of three branches: 
the horizontal, the normal and the flaring branches (HB, NB and FB re s pecti vely). Note 



the aforementioned names are merely historical [see e.g. Ivan der Klis I (119891 )] and were 
based on the fact that, in the first few sources studied, the horizontal branch appeared as 
a horizontally oriented limb in the HIDs, the normal branch as a state in which the sources 
pass most of their time, while in the flaring branch the sources demonstrated intensive flares. 
In turn, atoll sources showed two kinds of branches: a banana shaped branch and an island 
state. Note that atoll sources usually show their pattern over a larger extent of luminosity 
and on longer time scales (weeks - month) than that of Z-sources (hours - weeks). Atoll 
sources always follow ban ana branch on the same short time scale as Z-sources, hours - 



weeks flMuno et al. Il2002[ ) 



The occurrence of the different X-ray states of the Z-sources and the atoll sources is 
presumably governed by mass accretion rate in their innermost parts of the source. In the Z- 
sources this mass accretion rate increases from HB, through NB, to FB (Hasinger et al. 1990, 
Vrtilek et al. 1990). On the other hand in the atoll sources mass accretion rate increases 
from the island state, through the lower banana to the upper banana (see e.g. Corbet et 
al. 1989; Di Salvo et al., 2001). Hasinger & van der Klis (1989) showed that each state 
has a characteristic fast timing variability, and therefore an extra diagnostic is available 
to identify a source state, and to distinguish the Z-sources from the atoll sources. In fact, 
only a combined diagnostic including fast timing and spectral analysis (such as CCDs) can 
provide reliable identification of the source [Z or atoll) type . 
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The division of the bright LMXBs into Z and atoll sources was proposed because of 
differences in both magnetic fields and mass accretion rate (Hasinger & van der Khs 1989). 
In fact, for Z-sources higher magnetic fields were suggested (10^ — 10^*^ G) than that of atoll 
sources (10^ — 10^ G) and they probably accrete at near-Eddington rates (e.g. Lamb 1989), 
while mass accretion rate M is well below Eddington rates in atoll sources. This conjecture 
on the magnetic field is quite old-dated and no evidence has ever been given. Furthermore the 
discovery of the first transient Z sourc e , turning to an at oll makes the B- field discriminant 



very unlikely [see iHoman et al. I (120071 ): iLin et al. I (120091 )]. A study of broad band spectral 



and timing behavior turns to be a powerful approach to probe the Phyisics of the brightest 
LMXBs. This study is also used to invesigate the behavior of other X-ray binaries, e.g. black 
hole binaries (see e.g. van der Klis 1994). An overall comparison of these various types of 
sources shows that the properties of the rapid fluctuations appear to depend on M in the 
innermost part of the source and a compact object type (BH or NS). 

Usually BH and NS sources demonstrate state transitions when the soft X-ray flux mono- 



tonica ll y increases (or decreases) wh ich implies monotonic changes of M [e.g.. lTitarchuk fc Seifina 



(120091 ). ISeifina fc Titarchuk I (120111 ) and below]. However, the total X-ray flux is not at all 



times a reliable indicator for M (e.g., Mendez et al. 1999; Ford et al. 2000). 

A Z-type represents a category of seven Galactic LMXBs: Sco X-1, GX 17+2, GX 349+2, 
Cyg X-2, GX 5-1, GX 340+0 and XTE J1701-462 (with an addition of Cir X-1 which is a 
peculiar Z-source, see Shirey et al., 1999) and the extra-galactic Z-source LMC X-2. It has 
been suggested that there are two types of Z-sources, characterized by differences in the 
shape of their Z-patterns and their power spectral characteristics (Hasinger & van der Klis 
1989, see also Penninx et al. 1991). 

GX 340+0 was discovered as a Galactic X-ray source by Friedman, Byram & Chubb 
(1967) and later its position was found by Rappaport et. al (1971). This source was prelimi- 
nary determined as a NS binary by Margon et al. (1971) using an Aerobee rocket data. Ariel 
(Ponman, 1982), EXOSAT (van Paradijs et al., 1988), HEAO-2 (Schulz et al. 1989) orbital 
observatories provided unique high quality X-ray data of GX 340+0 to indicate three main 
tracks with characteristic correlation of hardness ratio, which formed Z-pattern in CCD. 
Despite of no burst has yet been found, the very high values of QPO (Ji800 Hz) and X-ray 
energy spectrum (van Paradijs et al., 1988) and as well as the similarities with the different 
Z-sources allowed to classify GX 340+0 as a Z-source (Hasinger & Van der Klis, 1989). 

The spectral characteristics of this source have not been fully studied up to now. Schulz 
& Wijers (1993), hereafter SW93, carried out a spectral analysis of the source based on 
EXOSAT data in the 2-12 keV energy range. They found that the spectrum can be fit by 
model which a sum of a blackbody of a temperature of 0.8 keV and a thermal Comptonization 
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component of soft NS seed photons. SW93 also obtained an optical depth of r ~ 5 - 6 and 
an electron temperature of the hot corona changed from 4 to 6 keV. 

Fender & Hendry (2000) estimated the distance to the source of 11±3 kpc using the radio 
measurements . Radio emission of GX 340+0 is highly variable, and probably correlates with 
the X-ray emission on its horizontal branch. But the radio emission anti-correlates when the 
source is on the other spectral branches (Oosterbroek et al. 1994). 

Lavagetto et al. (2004) were the first who showed a broadband (0.1 - 200 keV) spectrum 
of this source based on the data using a BeppoSAX observation on August 9 - 10, 2001 
(thereafter Observation S6, see Table 1). They decomposed the spectrum of GX 340+0 
as a soft blackbody of temperature kTsB ~ 0.5 keV, Comptonization component and in 
addition an excess at photon energies more than 20 keV was fit using an extended power 
law terminated by a cutoff at high energies. Ueda et al. (2005) studied a spectrum of the 
source using Chandra observations. These Chandra data indicated to the presence of an 
iron line emission. The shape of the line can be fit by a Gaussian profile, w hich center 



is at 6.6 keV and the line equivalent width is 40 eV. Then, iD'Ai et al. I ( 120091 ) detected a 
broad asymmetric emission line in the Fe energy band and tried to investigate the line 
evolution along HB of Z-track based on XMM-Newton data. However, the line profile does 
not indicate to any correlated variation although the continuum emission and luminosity 
underwent significant changes. 



laria et al. I (120061 ) . Iaria06 hereafter, also examined the 0.1 - 200 keV energy spec- 
trum using BeppoSAX observations (thereafter Observations 5*3 — 5*6, see Table 1) and 
the Lavagetto model described above. For all observations of different spectral states, they 
found Nh ~ 6.2 x 10^^ cm~^ and that the spectrum at less than 30 keV could be fit by a 
sum a blackbody of kTsB ~ 0.5 keV and a Comptonization component Comptt (Titarchuk, 
1994) which seed-photon temperature of kT^ ~ 0.9 keV and plasma temperature of kT^. ~ 3 
keV. In addition, Iaria06 used a power-law component of the photon index F ~ 1.5 and a 
Caussian line component at 6.75 keV, related to Fe XXV. They also found that a power-law 
component of a photon index of 2.5 was required at higher energies. 



Church et al. I ( 120061 ) investigated the 3-40 keV spectrum relied on PCA/ RXTE data 
{R3 set in terms of our classification, see Table 2) and applied a modified Lavagetto model, 
with a cutoff power law at the energies above 30 keV. They showed a good agreement this 
model with RXTE observations at a stable value of the best-fit photon index F ~ 1.7 during 
all spectral states. 



Before the stability of the index at different luminosities was emphasized by lFarinelli &: Titarchuk 



( 120111 ) (hereafter FTll) for a number of neutron star low mass X-ray binaries (LMXBs). 
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FTll gathered X-ray BeppoSAX spectra and showed the stabihty of the spectral index a at 
approximately 1 (T = a + 1) for many NSs: X 1658-298, GX 354-0, GS 1826-238, IE 1724- 
3045, Cyg X-2, Sco X-1, GX 17+2, and GX 349+2 at their different spectral states (or 
when the best-fit electron temperatures for these sources are drastically different). X-ray 
spectra for atoll sources 4U 1728-34 and GX 3+1 detected with BeppoSAX and RTXE, re- 
spectively, at different luminosities were studied in details by Seifina & Titarchuk (2011), 
(2012), hereafter STll, and ST12 respectively. 

The STll and ST12 also pointed out that the value of F only varies slightly around 2, 
independently of kTe and luminosity. This stability of F can be an universal signature for 
any kind NSs either the atoll or Z-sources. It is presumably dictated by common Physics for 
this type of sources. FTll, STll and ST12 demonstrated this stability of F using a model in 
which the emergent spectrum influenced by a strong Comptonizion component is produced 
in the Transition Layer (TL) between NS surface and the Keplerian accretion disk. In fact, 
the stability of the index occurs when Qcor, which is the energy release in TL, is much higher 
than Qdisk which is the photon energy flux, coming from the accretion disk and illuminating 
TL. 

Namely, STll shows (see also FTll) that the TL optical depth tq, its electron temper- 
ature kTe, the ratio Qdisk/ Qcor are related to each other 

fcTero(2 + ro) _ 0.25 

mgC^ 1 + <5disk/Qcor ' 

if one assumes that the balance of energy in the transition layer (TL) is established by 



gravitational energy release and cooling of e 



problem in iBisnovatyi et al. I ( ll980l )] 



free-free en iission [see IZel'doyich Sz Shakura I (119691 ) and later a similar formulation of this 



ectro ns due to inverse Compton effect and 



The spectral index a of the Comptonization spectrum is determined by the formula 



3/9/3 



where the dimensionless plasma temperature G = fcTe/mgC^ and /3-parameter [see lTitarchuk fc Lyubarskij 



(119951 )]. If one replaces /3 by its diffusion approximation 



/3diff - , r (3) 

ro{2 + To) 

and applies equation ([1]), we have a formula for the diffusion spectral index a^m 



3 9 I + Qdisk/QcOT /,s 

«di. = -2 + Vi + ' (4) 
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and the photon index 

^diff ~ 1 + adiff = 2 + 0.8 Qdisk/Qcor (5) 
for Qdisk/Qcor < 1- Consequently Fdiff ^2 as 

Qdisk/Qcor 1- 

Note, in contrast with the neutron star sources many black hole (BH) candidate bi- 
naries show a correlated behavior of the photon index F with mass accretion rate M (see 
Shaposhnikov & Titarchuk 2009 and Titarchuk & Seifina 2009, hereafter ST09 and TS09, 
respectively) . 

Previous investigations (see Penninx et al. 1991; Kuulkers & van der Klis 1996; Jonker 
et al. 1998) show that Z-sources, in particular GX 340+0, are characterized, in HB or in an 
upper part of NB, by QPOs with frequencies changing from 20 to 50 Hz. van Paradijs et al. 
(1988) revealed normal branch oscillations (NBOs) with a frequency of 5.6 Hz in the middle 
of NB. Jonker et al. (1998) found twin kHz QPOs whose centroid frequencies are correlated 
with the HBO (HB oscillation) frequency. 

Titarchuk & Osherovich (2001) classified the power density spectrum features for each 
compact object class using the Transition Layer model [see Titarchuk et al. (1998)] and the 
basic properties of the accretion flow around compact object. They applied their analysis 
for the RXTE observations of GX 340+0. 

It is interesting that other Z-sources differ from GX 340+0 on the timing properties 
along Z-track. In particular, Cyg X-2 and GX 5-1 have well developed HBs with a strong 

HBO and red low-frequency noise (LFN), whereas Sco X-1, GX 17+2 and GX 349+2 have 
small, vertical or absent HBs with a weak or absent HBO and peaked LFN. However, in 
spite of various details, during Z-evolution all these Z-sources indicate 6 - 20 Hz N/FBO 
phenomenon and significant increasing VLFN component at FB. Previous investigations 
detected no QPO in the FB of GX 340+0 (e.g., Penninx et al. 1991). This fact, along with 
the absence of type-I X-ray bursts, make one to think about GX 340+0 as a mysterious 
object. However in this Paper we reveal a typical evolution of GX 340 with FBO events 
based on our investigation of RXTE data set, which helps one to understand the nature of 
FB in GX 340+0. 

In this study we analyze the BeppoSAX. observations and RXTE observations during 
1997 - 2009 years for GX 340+0. In §2 we show the hst of observations for which we apply 
our data analysis and the details of X-ray spectral analysis are elaborated in §3. We study 
how X-ray spectral and timing properties evolve during the different spectral states in §4. 
We discuss our results and make their comparisons with those known in the literature in §5. 
We make our final conclusions in 56. 
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2. Data Selection 

We obtain broad band energy spectra of tlie source using data of three Beppo^KX. Nar- 
row Field Instruments (NFIs), namely the Low Energy Concentrator Spectrometer (LEGS) 
for 0.3 - 4 keV, the Medium Energy Concentrator Spectrometer (M ECS) for 1-8 - lOkeV 



and the Phoswich D etection Systena (PDS) for 15 - 200 keV [see iParmar et al. I ( 119971 ): 



Boella et al. I ( 1l997l ): iFrontera et al. I ( 1l997l ) respectively]. 



We use the SAXDAS data analysis package for data processing. We make the data 
spectral analysis in the energy range for which a response matrix of each of the instruments 
is well determined. We renormalized the LEGS data based on the MEGS data. We treat 
relative normalizations of the NFIs as free parameters when proceed with model fitting, 
but we fix the MEGS normalization at a value of 1. We control if these normalizations 
are in a standard range for each instrumenlQ. Furthermore, we rebinned the spectra in 
order to have significant data points. The LEGS spectra are rebinned with a binning factor 
which is not constant over energy (Sect. 3. 1.6 of Gookbook for the BeppoSAX NFI spectral 
analysis) implementing rebinning template files in GRPPHA of XSPEG B The PDS spectra 
are rebinned with a linear binning factor 2, namely we group two bins together leading to 
the resulting bin width of 1 keV. We apply a systematic error of 1% to all of these spectra. 
We present a list of the i?eppoSAX observations implemented in our analysis in Table 1. 



We also use publicly available the RXTE data sets ( iBradt et al. I Il993l ) which were 
obtained from April 1997 to March 2009. In total, they include 92 observations taken at 
different states of the source. We apply standard tasks of the LHEASOFT/FTOOLS 5.3 
software package for data processing. We use PGA Standard 2 mode data, collected in the 3 
- 20 keV energy range and the most recent release of PGA response calibration (ftool pcarmf 
vll.l) for spectral analysis. We also apply standard dead time correction to the data. In 
order to construct broad-band spectra we include the data from HEXTE detectors. 

A background corrected in off-source observations is subtracted from the data. We 
use only data in the 20 - 150 keV energy range in order to avoid the problems related to 
the HEXTE response and background determination. We use the data which are available 



through the GSFG public archive (http://heasarc.gsfc.nasa.gov). We present a full hst of 



observations covering the source evolution during different spectral state events in Table 2. 
We accomplish an analysis of RXTE observations spanning twelve years for which 11 



^http://heasarc. nasa.gov/docs/sax/abc/saxabc/saxabc. html 
^ http: / /heasarc. gsfc.nasa.gov/FTP /sax/cal / responses / grouping 
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intervals indicated by blue rectangles in Figure 1 in ISeifina. Titarchuk fc Frontera I (l2013l ) 
hereafter STF13. We model the energy spectra using XSPEC astrophysical fitting software 
and we apply systematic error of 0.5% to all of the analyzed spectra. It is also worth noting 
that we use pubhc GX 340+0 data from the All-Sky Monitor {ASM/ RXTE) which show 
long-term quasi- constancy behavior of mean soft flux during all observation scans. 



3. Spectral Analysis 

3.1. Choice of the Spectral Model 

As a first step we proceed with a model which is a sum of an absorbed thermal component 
(Bbody), a thermal Comptonization component (ComptS) and a Gaussian line component. 
But this model [single COMPTB model, wabs * [Bbody + Comptb + Gauss)] gave a poor 
description of about 40% of the data. Significant negative residuals at low energies and 
greater than 30 keV suggest the presence of additional emission components. For this reason 
we also attempt the so called double Bbody model [wabs * [Bbody + Bbody + Gomptb + 
Gauss)], however the best fit of both RXTE and BeppoSAX spectra has been obtained by 
implementing the double COMPTB model [wabs * [Bbody + Comptbl + Comptb2 + Gauss)] 
for all available set of the data (see Table 3 for BeppoSAX data). 

This model describes a scenario in which a Keplerian disk is connected to the Neutron 
star through the transition layer (TL) [see Titarchuk et al. (1998)]. We display our spectral 
model in Figure [H We suggest that accretion into a neutron star occurs through the two main 



region s: an accretion disk [the standard Shakura-Sunyaev disk, see IShakura fc Sunyaev 



(Il973l )] and TL. Then NS and disk soft photons are upscattered off hot electrons of the 
transition layer (TL). Thus in our picture, the emergent Comptonization spectrum is formed 
in TL, where thermal disk and NS seed photons of temperatures kTgi and kTs2 upscatter off 
the TL hot electrons, giving rise to two Comptonized components Comptbl and Comptb2, 
respectively. The Earth observer can directly see some fraction of the seed soft photons that 
justifies an addition of a soft blackbody component of temperature Tbb- In Figure [1] we 
show red and blue photon trajectories which are related to seed and upscattered photons, 
respectively. 

Thus the emergent X-ray spectrum can be presented as a convolution of a soft black 
body spectrum of normalization Ncom and color temperature kTs with a Comptonization 



Comptb is an XSPEC contributed model, 
see |http://heasarc. gsfc.nasa.gov/docs/software/lheasoft/xanadu/xspec/models/comptb.html 
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Green function. Normalization Ncom is a ratio of the source luminosity to square of the 
distance D (similar to the ordinary Bbody XSPEC model) 

The applied model w abs * {B body +Comptbl+Comptb2+ Gauss) has the free parameters: 
the equivalent hydrogen absorption column density Nh', the energy spectral indices ai, 02; 
seed color temperatures Tgi, Ts2', parameters log{Ai) and log(742) related to the illumination 
fractions of the transition layer by disk and NS soft photons respectively, /i, /2, in other 
words / = A/{1 + A) is the relative weight of the Comptonization component; electron 
temperatures Ti^^ and Ti^^; normalizations of the BB-like components Ncomi and Ncom2 
of the Comptbl and Comptb2 components respectively. To fit the data in the 6-8 keV 
energy range we add to the above model a Gaussian component, which has as parameters: 
a centroid line energy Eune, the line width aum and its normalization Nune- 

Note that some of the parameters of the Comptb component: 7 = 3 is related to the 
index of the seed photon blackbody spectrum, a = 7 — 1 = 2, and 6 characterizes an efficiency 
of the bulk inflow effect vs the thermal Comptonization. We neglect this bulk motion effect 
for NS and we put 6 = 0. The bulk inflow Comptonization should take place very close 
to NS surface but if the radiation pressure from NS surface is high then the bulk motion 
is suppressed. On the other hand when mass accretion is low then the bulk effect motion 
effect can be ignored too. In general, for NSs the bulk effect is negligible (compare with a 
BH case, see ST09). 



A value of hydrogen column Nh = 6.2 x 10^^ cm^^ found by llaria et al. I ( l2006l ) is used 
in our model. We also fix the parameter log(A2) at a value of 2, on the assumption that NS 
surface is completely covered by TL (see Fig. [T]for our model geometry). 



3.2. BeppoSAX. data analysis 

In Figure ?? we present two representative EFe spectral diagrams for HB and FB 
events along Z track of GX 340+0 using BeppoSAX data. We show the best-fit spectral 
diagrams of GX 340+0 using BeppoSAX observation 21375002 (left) and 20261006 (right) 
on the top of this Figure. We present the data by crosses and the best-fit spectral model 
wabs*(Blackbody+Comptbl + Comptb2+Gaussian)hY light-blue line. The model components 
are shown by dark-blue, red, green and crimson lines for Blackbody, Comptbl, Comptb2 and 
Gaussian, respectively. Bottom panels: Ax vs photon energy in keV. The best-fit model pa- 
rameters for HB state {left panel) are ri=2.04±0.06, A;Ti^^=19.50±0.07 keV, 12=1.99+0.02, 
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kTr=2.76±0m keV and E;i„e=6.80±0.06 keV (reduced x^=l-28 for 329 d.o.f), while the 
best-fit model parameters for FB state {right panel) are ri=2.00±0.08, fcTi^-* =5. 42±0. 03 
keV, r2=2.04±0.05, fcTi^^=1.90±0.02 keV and Eii„e=6.68±0.08 keV (reduced x^=0.98 for 
319 d.o.f) (see more details in Table 3). 

The Blackbody temperature kTsB, independently of the source state, is consistent with 
0.6 keV (2(7 upper limit). The addition of this low temperature blackbody component makes 
the fit quality noticeably higher. Specifically, the best-fit for HB events (id=21375002) is 
characterized by reduced of 2.1 (331 d.o.f.) for the model without the low temperature 
blackbody component, while is 0.99 (329 d.o.f.) for the model with the low temperature 
blackbody component. Moreover the best-fit spectral model for FB events (id=20261006) has 
of 1.7 (321 d.o.f.) for the model without the blackbody component, while is 0.98 (319 
d.o.f.) for the model with the blackbody component. 

For the BeppoSAX data (see Tables 1, 3) we obtain that the best fit spectral indices ai 
and a2 are given by 1.01±0.04 and 0.99±0.05, respectively, (or Fi = ai + 1 and F2 = ^2 + 1 
are given by 2.01±0.04 and 1.99±0.05, respectively, for a double COMPTB model). We also 
find that, for the available Beppo^KX. data, from HB to FB, the seed temperatures kTgi and 
kTs2 change in the ranges 0.7—1 keV and 1 — 1.7 keV, respectively. We apply a systematic 
error of 1% to all of the analyzed spectra. 



3.3. RXTE data analysis 

From our analysis of the BeppoSAX data we obtain the temperature of the soft black- 
body component at a value of kTsB = 0.6 keV. However RXTE detectors cannot give us 
well calibrated spectra below 3 keV thus in order to fit the RXTE data we should fix this 
blackbody temperature at 0.6 keV. We also fix values of kTsi and kTs2 at 1.1 keV and 1.5 
keV, respectively (see §3.2). in Table 4 we show the best-fit spectral parameters using RXTE 
data. Also we find that the normalization of the Comptbl component changes from 2 to 6 in 
units of Lay/D^io (where L37 is the luminosity of the seed blackbody component in units 10^^ 
erg sec~^ and Diq is distance in units 10 kpc), whereas Fi is around 2 for all observations (see 
Figs. [2}12]). Note that the line width aune of Gaussian does not change much and numerous 
tests show that aune = 0.5 — 0.8 keV. 

Fu rthermore, a detail ed analysis XMM-Newton spectra of GX 340+0 recently carried 



out by iD'Ai et al. I (120091 ) has revealed that the line profile does not present any strong 
change for HB. Therefore we fix aune of Gaussian component at a value 0.6 keV during our 
fitting procedure while the electron temperature kTe^^ of Comptbl varies from 3 keV to 21 
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keV (Fig. H]), which is similar to that obtained using the BeppoSAX data (see Table 3). 

In Figure ?? we show three representative EFe spectral diagrams for different states 
along the Z-track. Data are taken from RXTE observations 50016-01-01-11 {Zl panel, Hor- 
izontal branch), 91125-03-01-000 {Z2 panel, Normal branch) and 50016-01-02-18 (Z3 panel. 
Flaring branch). We show the data using black points while the spectral model compo- 
nents are presented by red, green, blue and purple lines for Comptbl, Comptb2, Blackbody 
and Gaussian respectively. One can notice changes of spectral shape for different spectral 
branches in this Figure. To highlight the effect of variability of different components during 
evolution between the HB {Zl) and FB {Z3) states we mark the Comptbl component by 
yellow shaded areas and trace its evolution when kTe^^ monotonically drops from 21 keV 
{Zl panel) to 3 keV {Z3 panel) (see also Fig. [3] for the electron temperature range). 

In Figure E] three representative EFe spectral diagrams for different states along Z track 
{right panel) are presented in combination with color-color diagram {left panel). Data are 
taken from i^XTE observations 20053-05-01-01 {green, NB) 20053-05-01-02 {violet, FB) and 
20053-05-01-00 {red, HB). On the right panel of this Figure one can see changes of spectral 
shape for different spectral branches which are presented on the left panel. Furthermore, the 
hard emission at 50 - 150 keV {hard tail), even if not strongly constrained, appears relatively 
low along FB, while during HB and NB the hard tail becomes stronger. 

Our spectral model demonstrates a very good quality for all data sets analyzed in our 
study. In fact, xled — l^dof^ where N^of is a number of degree of freedom, is less than 
or about 1 for most observations. With high counting statistics for a small fraction of the 
spectra (less than 2%) xled '^^'^ reaches 1.4. On the other hand, xled never above a rejection 
threshold of 1.5 (for 90% confidence level). We should note the energy range, in which we 
obtain the poor fits (one among 92 spectra with x^=l-46 for 67 d.o.f), is associated with the 
iron line region. Possibly that the iron line feature in the spec trum is more comp licated than 



just one Gaussian line. In fact, for y^MM-N ewton observation iD'Ai et al. I (|2009[ ) detected an 
asymmetric profile of Fe emission line with an extensive red wing. The authors interpret 
that this line asymmetry is caused by relativistic smearing in an accretion disk extending 
close to the NS. However Laurent & Titarchuk (2007) showed that the line asymmetry can 
be also formed in an optically thick medium expanding with subrelativistic velocities. We 
must admit that this complex line structure cannot be resolved by the RXTE data. 

We should also point out some differences between our best-fit values of the photon 
in dex F and those fou nd by us in the literature. In particular, the photon index F, estimated 



by llaria et al. I (120061 ) for SeppoSAX observations (5*3 - 5*6) gives t he values of F i s abou t 



2.5 whereas F is about 1.7 for iiXTi? observations (5*5) [see for details IChurch et al. I (|2006[ )]. 



However, this difference of F values is a result of using different spectral models. For example. 
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Church et al. used an additive model of a blackbody, a power law components and a single 
Comptonized component {Comptt). 

Thus using broad band BeppoSAX observations we obtain our spectral model parameters 
and we can evaluate the total spectral evolution of GX 340+0 from 3 to 150 keV due to the 
elongated observations by the RXTE. 

4. Overall pattern of X-ray properties 

4.1. Color-color diagrams 

To study the properties of GX 340+0 during different spectral states we make use of 
hard colors (HCs) and soft colors (SCs) to demonstrate different configurations in HC versus 
SC. Namely, in Figure 9 in STF13 we collected color-color diagrams (CCDs) {left column) 
and hardness-intensity diagrams (HID) {right column) of GX 340+0. The ordinate and 
abscissa of color-color diagrams show the flux ratios: (a) [16-50 keV/3-16 keV] and [3-5 
keV/7-10 keV]; (c) [20-50 keV/3-10 keV] and [10-20 keV/3-10 keV]; (e) [10-20 keV/3-10 
keV] and [9-16 keV/3-5 keV] while hardness- intensity diagrams demonstrate flux ratios: (b) 
[16-50 keV/3-16 keV]; (d) [20-50 keV/3-10 keV]; (f) [7-10 keV/3-5 keV] versus flux (3-50 
keV) measured in units of 10~^ erg/s/cm^. In this way, one can observe different shapes of 
the Z pattern of GX 340+0. For the presented observations (see Table 1 and 2) we found 
the source in three spectral states: the flaring branch (FB), the normal branch (NB) and 
the horizontal branch (HB). 

The identification of CCD states was made using simultaneous timing and spectral 
analysis, see §4.3 and we have revised the previous similar investigation obtained using 
EXOSAT and RXTE data, see Penninx et al., 1991; Jonker et al., 1998, 2000, respectively 
(see §3). Both the color-color and color-fiux behaviors depend on the photon energy bands 
in which either color or flux are evaluated. In particular plots, see panels (a), (b) and (d), 
there is evidence of HB, while in other ones this branch is not apparent. The evidence of 
FB appears only from panels (a) and (b). Instead, independently of the energy band, NB 
is always apparent. A comparison of the color-flux behavior of different compact X-ray 
binaries that host NS or a BH is shown in Fig. [61 

It should be noted that FB flux behavior of GX 340+0 corresponds to dips in the light 
curve (see Figs. 11-12 in STF13). Indeed, when the source intensity dips, both the soft and 
hard colors increase (see panel (a) in Fig. 9 in STF13 This behavior is completely different 
from FB one observed in Sco X-1, GX 17+2 and GX 349+2, while it is similar to the FB 
behavior seen in Cyg X-2. A discussion of this phenomenon is given by Hasinger et al. (1989) 
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and iKuulkers fc van der Klis I (Il996l ) . 



4.2. Evolution of X-ray spectral properties in different spectral states 

We find properties of the HB-NB-FB state of GX 340+0 based on their spectral evolution 
in the 3—150 keV energy range using RXTE data. 

The general picture of HB-NB-FB states is shown in Figure [5] where we put together the 
HB, NB and FB spectra to display the GX 340+0 spectral evolution (see also panels for HB 
and NB spectra in Fig. ??). One should point out different spectral shapes related to the 
different spectral states. Figures 3 and 7 in STF13. illustrate the model components while 
Figs 11 — 12 in STF13 demonstrate the evolution of these components. As we indicate below 
(see §4.2.1), using of the best-fit model, in all spectra independently of the state a strong 
Comptonized component {Compth2) related to the upscattering of the NS seed photons off 
the TL innermost part is dominant (see illustration of this effect in Fig. [T]). 

In these two states, the Comptonization component, Comptbl, related to upscattering of 
the disk seed photons by TL electrons of the temperature in the range of 8-21 keV, extends 
up to 150 keV. Instead, in FB spectra (Fig. 7 in STF13 panel for the FB spectrum) the 
Comptonized component Comptbl is characterized by a decrease of the electron temperature 
to 3 - 6 keV and thus the spectrum only extends to 50 keV. Generally, the Blackhody and 
Comptbl components are relatively weak with respect to Comptb2. We find that values for 
the electron temperature kTe'^^ is close to that of kTe^\ only dming flaring branch, when kTe^^ 

(2) 

monotonically decreases to 3 keV, while kTe shows low variability about 3 keV during all 
spectral states. HC ratio [10-50 keV]/[3-10 keV] drops from 0.3 to 0.1 during HB-FB spectral 
evolution (see Fig. H]). 

Thus using Figure HI one can find one-to-one correspondence between spectral states of 
GX 340+0 and value of kTe^^ within the limits, marked by horizontal blue dashed lines. The 
electron temperature kTe^^ varies by a factor of 10 during these states while Fi and for 
each of these spectra, only vary from 1.9 to 2.1 (see Fig. [3]). 

Using x^-statistic criterion, we test the hypothesis that the approximate value Tappr 
of both indices Fi and r2 is Tappr ~ 2. We calculate the distribution of Xred(Xappr) = 

Xlili (^ '"' at'''"^ ) '^^rsus of Tappr- Wc find a sharp minimum of the function XredO^appr) of 
about 1 for two Comptonized components {Comptbl and Comptb2). Namely {Ti/T2)approx = 
1.99 + 0.01/2.00 + 0.01 with a confidence level of 67% and {Ti/T2)approx = 1.99 + 0.02/2.00 + 
0.02 with a confidence level 90% for 92 d.o.f. (see also Figure of xledO^appr) for 4U 1728- 
34 in STll). We should point out that the indices Fi, r2 are also independent of the 
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normalizations of Comptbl, Comptb2; L^g/d^Q and kTe , kTe (see Figs. [2l-[3]). Relying on 
BeppoSAX observations and their analysis FTll propose that F varies about 2 for many 
NSs which are seen from the hard to soft states. FTll relate the spectral state to a value 
of electron temperature Te and they demonstrate that the photon index F = 2 ± 0.2 (or the 
spectral index a = 1 ± 0.2) while kTg varies in the range from 2 to 25 keV. 

4-2.1. Light curves and related spectral characteristics 

We find a number of X-ray flaring events of GX 340+0 using RXTE data obtained during 
2000—2001 (-R5, -R6 sets) with a full rise-decay evolution. We examine generic spectral and 
timing properties which can be found during these spectral state events. In Figures 11 in 
STF13 we show the details of our spectral analysis of the RXTE observations applying our 
model wabs * {bbody + Comptbl + Comptb2 + Gaussian). 

In Figure 11 in STF13 we show the changes of count rate (2-9 keV) in counts s~^ with 
16 s time resolution, the hardness ratio coefficient HC [10-50 keV]/[3-10 keV], the electron 
temperatures fcTi^^ (red) / kTe"^^ (blue) of Comptbl /Comptb2 components, the normalizations 
of Comptbl and Comptb2 components {red and blue respectively) and the index a = F — 1 
for Comptbl and Comptb2 components {red and blue points respectively) during the 2000 
events (-R5 set) of time period from MJD 51722 to MJD 51777. The dipping phases of the 
light curve, which are related to the flaring branch (based on timing analysis, see also Fig. [9] 
and § 14. 3p are marked with blue vertical strips. Note that during these dipping phases of 
the light curve the hardness ratio coefficient (HC) is usually less then 0.15. 

Additional flaring events are presented in Fig. 12 (STF13) where we display details 
similar to those shown in Fig. 11 in STF13 but for 2001 events {R6 set) during the MJD 
51920— MJD 51925 period. Note the temperature kTe^^ also correlates with the hardness 
ratio coefficient HC [10-50 keV]/[3-10 keV] and it monotonically diminishes from 20 keV to 
3 keV during the HB-FB transition. 

It is clear to see, using Figs. 11- in STF13 that the electron temperature /cTi^^ {red 
points) steadily decreases from 20 keV during the transition from HB to NB, reaching its 
minimum at 3 keV in flaring FB [MJD 51774 - 51774.3, 51776.5 - 51776.7 (Fig. 11 in 
STF13 ); MJD 51921.4 - 51921.7, 51922.4 - 51922.7 (Fig. 12 in STF13)] while the electron 
temperature kTe {blue points) is almost constant at the mean value of about 3 keV. On the 
other hand, the Comptb normalizations Ncomi and Ncom2 are weakly correlated with the 
variations of hardness ratio coefficient HC and count rate in 2-9 keV energy band, with the 
X-ray emission related to neutron stor that dominates during all spectral states (see Fig. [7]). 
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The normalization of Comptb2, Ncom2 is low variable around its mean level of 0.15xL39/DJq. 
The X-ray contribution from the Comptonizaton of the disk seed photons is weaker by factor 
2 than that related to the NS seed photons, during all spectral states (Fig. [7]). We should 
point out that the indices a, shown in the bottom panels of Figures 11-12 in STF13 only 
slightly vary with time around l(or the corresponding F varies around 2). 

4.. 2. 2. Comptonized emission 

Note that the Comptonization fraction fi changes from to 0.5 as shown on Fig. [S] 
{red triangles). Thus, in most cases of HB and NB states, the soft radiation of GX 340-1-0 
dominates and is only slightly modified by reprocessing in the TL (/i = 0.1 — 0.2). Then, 
during the transition to FB, /i monotonically increases from 0.2 to 0.5 when kTe^^ decreases 
from 6 keV to 3 keV. Consequently, the Earth observer directly sees a smaller fraction of disk 
emission (1 — /i) in FB. We remind a reader that the Comptonization fraction /2, related to 
the NS surface seed photons upscattered off the TL electrons, is about 1. We freeze /2 = 1 
on the assumption that NS is completely surrounded by its TL (see Fig. [1] for the model 
geometry) . 

4.3. Timing properties during HB-NB-FB evolution 

We analyze the RXTE light curves using the powspec task from FTOOLS 5.1. We 
perform the timing analysis RXTE/PCA data using the event mode in the 13 - 30 keV 
range. The event mode time resolution is 1.2xl0~'* s. We obtained PDSs in the 0.1 - 500 Hz 
frequency range with 0.001-second resolution. The contribution due to Poissonian statistics 
and Very Large Event Window for all PDSs were subtracted. 

We demonstrate an evolution of the 3 - 150 keV flux during the 2000 (-R6) events 
(see top panel of Figure |9]). Here red/blue points A, B, and C mark moments at MJD = 
51773.2/51774.7, 51773.6/51774.1 and 51772.2/51774.6 related to different phases of Z-state 
evolution. In addition, green points D1/D2 indicate moments at MJD=51774. 27/51776. 68 
of FB where we find ~6 Hz QPO at flaring branch of GX 340-1-0 (see also Fig. [TU] and 
details below). 

We present PDSs for 15-30 keV range {left column) plotted along with spectral diagrams 
E * F{E) {right column) for A (rerf, top), B {blue, middle) and C {blue, bottom) points of 
the light curve in the bottom panel. A typical exposure time for each PDS is 3-4 ksec. In 
particular, the accumulation time for PDS during 50016-01-02-16 observation (see Fig. [TOj) 



- 16 - 



is 3876 sec. 

An evolution of timing properties over the Z track is clearly seen in this segment of the 
light curve (see to'p panel oi Fig. Strong oscillations with centroid frequency at 50 Hz are 
observed at HB (see Fig. El left panel, C red PDS related to MJD=51772.2). While broad 
oscillations ranging in 2 - 10 Hz (B red, 50016-01-01-06, MJD=51773.6; C blue, 50016-01- 
02-04, MJD=51774.6) and ~50 Hz (A blue, 50016-01-02-12, MJD=51774.7) are detected 
during middle and hard apex of normal branch (NB), respectively. Relatively strong noise 
component (LFN) is present (up to 10% rms) and NB (up to 2% rms) but none of these 
features is seen during FB when a very low frequency noise (VLFN) component arises (B 
blue, 50016-01-02-18, MJD=51774.1). We show the E*F{E) diagrams (A2, B2, C2 panels) 
corresponding to the related PDSs (Al, Bl, CI panels) on the right. We present the data 
by black points whereas we demonstrate the spectral components using dashed red, green, 
blue and purple lines for Comptbl, Comptb2, Blackbody and Gaussian respectively. 

We also reveal ~6 Hz QPOs in FB during two "dipping/flaring" events (-R5 data set), 
which are not detected previously in GX 340+0, but present in power spectra of all other 
Z sources during this state. More specifically, during first dipping phase of light curve [for 
example, see point B blue (MJD 51774.08) in Fig. [9] we find only strong VLFN component 
(see blue histogram, in the middle panel of left column) without QPO feature. While during 
the last part {exit phase) of the intensity dip we find a broad QPO Lorentzian centered at 
6 Hz (FWHM=11.7 ± 4.5 Hz, rms=6.3 ± 1.0%) in addition to VLFN (rms=4.1%±0.4%, 
Q;Li?=1.4±0.3, 139 for 102 d.o.f; we present all parameter errors corresponding to la 
confidence level). The related point of the light curve is indicated by green point Di ob- 
served on August 18, 2000 (50016-01-02-16, MJD=51774.27) seen in Fig. M We make the 
corresponding u x power diagram for this event in 0.01 - 150 Hz range (see left panel of 
Fig. [TU]). We should point out that the energy spectrum at point Di {right panel of Fig. [TUl) 
is a typical FB spectrum [e.g., see also Z3 panel of Fig. 7 in STF13 with a relatively low 
contribution of the hard emission at 70— 150 keV (hard tail), while at HB and NB the hard 
tail becomes stronger {red/blue points A and C in Fig. [9]. 

During another FB event (see green point D2) we detected the same behavior of PDS, 
characterized by the absence of QPO at the beginning and middle of FB but the presence of 
broad centered QPO at frequency about ~6 Hz in the bottom phase of FB (50016-01-02-01, 
MJD=51776.68) in addition to strong VLFN component. Note that the energy spectra for 
both points {Di, D2) are very similar (their best-fit parameters are mostly identical). 

Note that the energy spectra of -D1/2 points are similar to that indicated by B (blue) 
point (and generally typical to FB spectra, see Z3 diagram of Fig. 7 in STF13 but the 
related power spectra are completely different. In fact, we reveal a broad QPO, centered at 
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upBO ~6 Hz, for the first time in the PDS of GX340+0 (see FigiTO]). 



Thus, we find that the evolution of spectral and timing characteristics is consistent with 
prev ious analysis of GX 34 +0 using EXOSAT, G inga, RXTE and XMM-Newton data [see 
e.g. iPenninx et al. I ( 1l99ll ). iJonker et al. I (120001 )]. In addition to known timing features of 
the Z pattern of GX 340+0 we reveal ~6 Hz FBO, which was not found previously, while it 
is usually observed in other Z sources such as Sco X-1 and GX 17+2. This kind of QPOs 
are seen in the lower FB, and also seen in NB of those Z-sources. The frequency starts to 
increase from i^pB ~ 6 Hz to z/^vs ~ 20 Hz when these particular sources progress from FB 
to NB. In the lower FB, this QPO frequency ~ 6 Hz becomes very broad and then vanishes 
in the noise. 



Follow to iKuulkers fc van der Klis I (Il996l ) and iTitarchuk et al. I (Il998l ) , we can inter- 



pret the appearance of this QPO phenomenon during FB in terms of the Transition Layer 
(TL) model involving a radial fiow and a thick, torus-like CC (see illustration of this interpre- 
tation in Fig. [TTj) . To conclude the above analysis, we should point out once again that the 
identification of CCD states of GX 340+0 along Z— track is made using timing (presented 
here) along with spectral analysis (see §3). 



4.4. Comparison of spectral and timing characteristics of Z source GX 340+0 

and atoll sources GX 3+1 and 4U 1728-34 

In this Paper, we study the correlations between spectral, timing characteristics, and 
M seen in X-ray spectral range for GX 340+0 during its evolution across HB-NB-FB track 
in order to investigate a common behavior of Z and atoll sources. In this way we proceed 
with a comparative analysis for three sources: Z-source GX 340+0 and atolls, GX 3+1 and 
4U 1728-34 using the same spectral model which consists of low temperature Blackbody, 
Comptonized continuum and Gaussian line components. 



4.4- 1- Quasi- constancy of the photon index 

Z-source GX 340+0 and atolls, GX 3+1, 4U 1728-34 show an identical behavior of F vs 
M (or COMPTB normalization), namely the index F is strongly concentrated around 2 (see 
Fig. [2] for that in GX 340+0). According to FTll, STll and ST12, this result can point 
out that the cooling fiux of the soft disk photons is much less than the gravitational energy 
release in the transition layer for all of these three sources. 
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4-4-2- The difference and similarity of the electron temperature kT^ ranges in GX 3^0+0, 

GX 3+1 and4U 1728-34 

One can see, using Figure El the ranges of the TL electron temperature kT^. for state 
evolutions of these three sources. As clearly seen in this Figure (see also Fig. [T2|) kT^, of 
Z-source GX 340+0 ranges from 3 to 21 keV, while that of atoll 4U 1728-34 is slightly more 
narrow, from 3 to 15 keV and kTg of atoll GX 3+1 just varies around 3 keV. Note that all 
objects have a common temperature interval, 3-4 keV. 

As it is shown in Table 5 variations of of blackbody, and seed (NS and disk) photon 
temperatures are comparable for all of these three sources: kTsB —0.6 keV and kTg = 
1.1 — 1.7 keV, respectively. But variations of kTe are different. This difference of kTg — 
ranges for all of these three sources is quite evident. Whereas GX 340+0 and 4U 1728- 
34 show a complete cycle of state evolution, namely, HB-NB-FB track for GX 340+0 and 
4U 1728-34 evolves from the extreme island state (EIS) to the upper banana (UB) state (see 
Di Salvo et al. 2001; STll), GX 3+1 demonstrates only a short LB (lower banana)-UB track 
on the CCD. It is clear from Figure [8] which shows the track of GX 3+1 just for a part of 
the full track [see definition of a state sequence in Hasinger & van der Klis (1989)]. 

But GX 340+0 shows almost the same kT^ range as that in atoll 4U 1728-34, while 
it demonstrates a different timing evolution. How different Z and atoll sources are one can 
clearly see from Fig. [121 which shows the luminosity in terms Ncom x D'^io versus Tg. Z- 
source GX 340+0 {pink points) is much brighter than atolls, 4U 1728-34 {blue points) and 
GX 3+1 {red points). 



4-4-3- Gomparison of spectral evolution as a function of the luminosity for Z source 
GX 340+0 and atoll sources GX 3+1 and 4U 1728-34 



Now we can make a comparative analysis of spectral parameter evolution for GX 340+0 
and GX 3+1, 4U 1728-34 based on luminosity of soft disk photons, which is proportional 
to to disk mass accretion rate and inversely proportional to square of distances to these 
sources (see Eq. [HI and Table 5). We should remind a reader that atoll sources 4U 1728-34 
and GX 3+1 demonst r ate on l y one Comptonized {Compt b) component in their X-ray spectra 



Seifina fc Titarchuk I ( I2OIII ). ISeifina &: Titarchuk I (120121 )]. while E^source GX 340+0 reveals 



two Comptonized components {Comptbl and Comptb2). The first Comptbl component is 
formed by up-scattering processes in TL for seed photons of temperature T51 < 1 keV coming 
from the disk, while the second Comptb2 component is formed as a result of up-scattering 
processes in TL for seed photons of temperature Ts2 ~ 1.5 keV coming from the neutron 
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star. In contrast with GX 340+0, the spectra of atolls, 4U 1728-34 and GX 3+1 contain only 
one Comptonized {Comptb) component, which is related to up-scattering processes in TL 
for seed photons of temperature Tg^l keV, presumably coming from the disk. Therefore we 
should compare spectral components of the same origin for considered Z and atoll sources. 
Namely, Comptbl component (with /i illumination parameter) for GX 340+0 and Comptb 
components (with / illumination parameter) for 4U 1728-34 and GX 3+1. 

Specifically, for GX 340+0 the distance is about 10 kpc (Fender & Henry 2000), whereas 
for 4U 1728-34 and GX 3+1 the distances are 4.5 kpc and 4.2—6.4 kpc, respectively [see 



van Paradijs I (119781 ) and iKuulkers &: van der Klis I (120001 )] 



We present the luminosities of these sources as a function of kT^. in Fig. [121 For 
GX 340+0 [pink), we show a variable Ncomi normalization only. GX 340+0 demonstrates 
much higher luminosities by factor 5 than that in 4U 1728-34 and GX 3+1 and kTf. in 
GX 340+0 widely varies, from 3 to 21 keV. According to FTll, STll and the presented 
study, kTe for atoll and Z-sources varies from 2.5 to 25 keV. Specifically, a common range 
of kTe for GX 340+0, GX 3+1 and 4U 1728-34 is around 3 keV and the low limit of kT^ 
around 2.5 keV occurs at the peak luminosity for 4U 1728-34 (see STll) and during a rise 
of luminosity for GX 3+1 and during FB stage for GX 340+0 (see Figs. El [12]). 

We should note that common states in L vs Tg diagram for all these sources take place 
during rapid transitions in FB and LB - UB for GX 340+0 and GX 3+1, 4U 1728-34, 
respectively. These states can be possibly traced within a narrow /cTg interval from 2.5 to 
4.5 keV. 



4-4-4- The difference and similarity of time scales for state evolution for GX 340+0, 

GX 3+1 and4U 1728-34 

We point out that all these three objects show a full range evolution track but in 
different time scales. Specifically, Z-source GX 340+0 and atollGX 3+1 demonstrate electron 
temperature and luminosity variations occur on the time scales of hours-days, while atoll 
4U 1728-34 show a full range of the model parameter variations on significantly larger time 
scale (days- months). However, the low electron temperature phase of atoll AU 1728-34 occurs 
at the same short time scale as that for GX 340+0 and GX 3+1. 
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4-4-5- Correlation of illumination parameter f with electron temperature kT^ and its 
relation with different states in the color- color diagram 

Using Table 5 one can notice that the variation of Comptonization fraction / is larger 
for GX 3+1 (0.2 - 0.9) than that for 4U 1728-34 (0.5 - 1) and GX 340+0 (0.01 - 0.5). Thus 
it is obvious that illuminations of the Transition Layer by soft photons are different for these 
three sources. 

In Figure [8] we plot the electron temperature versus Comptonized fraction / for 
Z-source GX 340+0, and atolls, GX 3+1 and 4U 1728-34 during different spectral states. 
Red, green and blue points correspond to RXTE observations of GX 340+0, GX 3+1 and 
4U 1728-34 respectively. On the left hand side of the Figure one can see a sequence of CCD 
states HB, NB, FB (the horizontal, normal and flaring branches r espectively) which are 



presented according to the standard Z-scheme (iHasinger et al. Ill989l ). Based on the obvious 
correspondence between kT^. and spectral states (Fig. Hj) and timing evolution of GX 340+0, 
/cTg is directly related to the sequence of CCD states in GX 340+0. Note that recently ST12 
revealed one-to-one correspondence between spectral states, kT^. and / for atolls, GX 3+1 
and 4U 1728-34. The direction in which the inferred M increases is indicated by arrows. 

In Fig. [H]one can see three different tracks on the plot of fcTg versus / for GX 340+0, 
GX 3+1 and 4U 1728-34 and how these tracks are related to the standard sequence of CCD 
states. When / rises, kT^ monotonically decreases from 21 keV to ~ 3 keV for GX 340+0, 
and from 4.5 keV to ~ 2.3 keV for GX 3+1, while 4U 1728-34 shows a more complex 
example At high temperature state (EIS), when kTf. decreases, / slightly changes from 0.9 
to 1. Further as kT^. drops from 12 keV to 4 keV, / decreases from 0.9 to 0.5. Ultimately, 
at the low-temperature state (LB-UB) / surges from 0.5 to 1. Thus, one can see that the 
CCD state evolution can be observable as a relation between kT^ and / too. 



4.5. Comparison of spectral hardness diagrams for atoll, Z and BHC binaries 



To compare evolution properties of GX 340+0 with atolls and BHC sources in terms of 
flux (or luminosity), we plot HC (10-50 keV/3-50 keV) versus the flux in the 3-50 keV range to 
create our hardness- intensity diagram (HID) for four sources (see Fig. [6]): Z-source GX 340+0 
{red), atolls, GX 3+1 (green) and 4U 1728 - 34 jhl ue). and BHC SS 433 {crimson). We should 
remind a reader that ISeifina fc Titarchuk I (120101 ). hereafter STIO, found a correlation of the 
index with mass accretion rate M and a clear signature of the index saturation when M 
increases. Thus STIO argue that SS 433 should be a black hole because the index changes 
and saturates with M in BHs only. 
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As it appears from Figure O NS [atoll and Z) binaries trace a specific elongated or 
diagonal track in this HID over a larger range of luminosity and (hard) colors than that of 
BHC SS 433. However, atoll sources systematically are fainter thar i Z and BHC s ources and 
show much harder spectra when they are in the low state [see e.g. Ivan der Klis I ( ll994a( ) for 
details of comparison of NS and BH sources]. In fact, when atolls in the soft state, their 
spectra are pretty similar to the spectra of Z-sources. However Z-sources are usually softer 
than atolls but not in the case of GX 34O+O which is an intermediate case between atolls 
and BHs in terms of their luminosities. This fact possibly reflects intermediate rate of mass 
transfer in GX 340+0 among atoll and BH sources [see also a review by van der Klis (1994)]. 

The resulting luminosity in GX 340+0 is in the range of (0.3 - 0.7) LEdd- This estimate 
can be derived using the NS seed photon temperature which varies in the 1-1.7 keV range 
(see Table 3). Type-I X-ray bursts are not observed in GX 340+0. This observational fact 
can be a consequence of high M in this source. Usually type-I X-ray bursts are seen in low- 
hard states of NS when the resulting radiation pressure between outbursts is quite low. Thus 
nothing can stop to accumulate plasma in the NS surface until the plasma column reaches 
its critical weight which leads to the explosion (X-ray burst). Th us a certain level of the 
surface weight should be attained in order to start an X-ray burst. iNarayan fc Heyl I (120021 ) 
demonstrated that X-ray bursts (instability) can occur for a wide range of the temperature of 
the accreted flow Tin (and corresponding emergent luminosity L). Although this instability 
is less probable for higher Tj„. Probably this is precisely our case of GX 340+0 where L is 
order of Eddington or little bit less (L^O.SLsdd)- 



5. Discussion 

To further study the similarities between Z and atoll sources we have investigate how 
X-ray spectral, timing characteristics and mass accretion rate M are related in Z-source GX 
340+0 during the evolution across HB-NB-FB track. This investigation helps us to constrain 
the models related to X-ray spectral formation in compact objects. 



5.1. Does mass accretion rate monotonically increase during HB^NB— >FB 

evolution? 

We observe a quasi- constancy of Ncom2 during HB-NB-FB evolution, which can be pre- 
sented as an argument against the commonly adopted view that M monotonically increases 
along the Z-track, since M is related to the normalization of the Comptonized component. 
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In fact, Ncom (see Eq. |6]) is proportional to the soft photon luminosity which is its turn 
proportional to M. 

We detect spectral and timing evolution of GX 340+0 similar to that of dipping Z-source 
Cyg X-2, where we see that the spectral features of the source are strongly influenced by 
its high inclination angle (Vrtilek et al., 1999, Titarchuk et al. 2007). Cowl ey et al. (1979) 



report ed that Cyg X-2 is observed at an inclination between 65° - 75°. iFarinelli et al. 



(120091 ) analyzing i?eppoSAX observations of Cyg X-2 and using a sum of two COMPTB 
components, successfully described the spectral behavior of the source from its HB to NB. 
Consequently we can suggest that modulation of the flux from the TL outer part and TL 
innermost part (related to Ncomi and Ncom2, respectively) is a result of geometric effects. 

In fact, there is no direct information on the binary inclination angle i of GX 340-fO, 
based on radial velocity analysis. The only indication on inclination angle i of 35° for 
GX 340+0 i s dedu ced using the so called "relativistically smeared out" profile of Fe Kq, line. 



D'Ai et al. I (120091 ) suggest that the iron line profile can be produced as a result of reflection 



of X-ray hard radiation, forming in Comptonization region, from relatively cold NS and disk 
surfaces. But the spectral features due to reflection should be seen on ly if the spectral index 
of th e incident flux onto NS or disk surfaces is essentially less than 1 (ILaurent fc Titarchuk 



20071 ) not like in our case of GX 340+0 (see Figs. 



An assumption of high inclination angle of GX 340+0 leads us to suggest that M can 
be greater at FB, when we can possibly see only some relatively small part of X-ray emission 
from NS surface due to Comptonization region screening effect (see Fig. [11] for explanation 
of geometrical constraints). 

Furthermore, in the case of low inclination angle we would also see strong BB component 
and monotonic increase of the normalization of Comptonized component along HB - FB 
track. However, our spectral analysis indicates low BB contribution during all ^-states 
(see Sect. 4.2.1). This fact can be considered as an additional argument in favor of high 
inclination angle for binary GX 340+0 (see discussion in Sect. 5.3). In turn, the influence of 
high inclination on the soft X-ray flux can result in some distortion of real normalization 
value. Thus, the normalization parameter Ncom is not a reliable indicator for M in the 
GX 340+0 case. 



5.2. Detection of QPOs in the Flaring Branch of GX 340+0 



In this study we report a discovery of 6 Hz QPO in the FB of GX 340+0. Specifically, 
when the source enters the upper part of FB, a QPO peak appears with a central frequency 
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of about 6 Hz. This part of FB corresponds to a dip (more specifically, the final part of the 
dip) in the light curve. Note that these QPOs exhibit a number of clear differences with 
respect to FBOs that were observed in Sco X-1 and GX 17+2. In these two sources, there is 
a continuous evolution between the NB and FB and a value of the QPO frequency steeply 
rises near the NB-FB state evolution, but never disappears (see Dieters & van der Klis 2000, 
Penninx et al. 1990). But in our data the 6 Hz QPO is clearly seen in NB (which becomes 
broad in lower FB), but there is no QPO in the beginning and middle of FB. 

The QPO frequency seen in Cyg X-2 is 26 Hz, is the highest ever seen in FB of any 
Z-source, with a FWHM of only 3 Hz (Wijnands et al 1998). In Sco X-1 and GX 17+2 FBOs 
can be observed up to 20 Hz as the source moves along FB, but at that point the QPO usually 
becomes very broad (with the width of ~10 Hz, see e.g. Dieters & van der Klis 2000), and 
further up in the FB, this QPO drops into the background noise components (Middleditch 
& Priedhorsky 1986). The FBOs, which are seen before, have been related to a hard energy 
spectrum, whereas the QPOs that we reveal, are associated with a soft spectrum. We should 
note that Hasinger et al. (1990) reported some excess of power between 5 and 20 Hz in 
GX 340+0 during a dip in FB, which they interpreted as a possible FB QPO. In view of 
the differences in the FB properties, we suggest that the 6 Hz QPO which we see in FB, 
may be caused by a similar mechanism as the usual N/FBO. It is remarkable that the QPO 
disappears when the source enters into the dip and appears once again when GX 340 leaves 
the dip. This can suggest that during the dip the emergent emission is suppressed because 
the line of sight to the source is affected by an absorbing or scattering medium. Fortner et 
al. (1989) suggest that NBO arises due to a feed-back loop between the radiation force and 
the accretion rate in an approximately radial inflow fed by matter that was initially in the 
accretion disk, but has lost its angular momentum due to photon drag. In this model, FBOs 
are also assumed to originate as a result of oscillations in this radial flow, at super- Eddington 
accretion rates. 

In this way, as it has been flgured out by a number of authors (e.g. van der Klis et 
al. 1987, Alpar et al. 1992 and Titarchuk & Osherovich 2001,), near the Eddington limit 
the radiation-pressure dominated region of the disk might be puffed up which for certain 
inclinations could partially obscure the innermost part of the X-ray emitting regions, and 
their oscillations. 



5.3. Possible indication of a high incUnation of binciry GX 340+0 

The fact that the intensity shows a dip, when the QPO appears, can be an indication 
that the torus enters into the line of sight. Adopting a torus-like shape for the innermost part 
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of the source when the source becomes near-Eddington luminosity regime we can explain 
the differences in the shape of FB in HID between different Z-sources and the correlated 
differences that are observed in N/FBO properties (see Kuulkers et al. 1994). All these 
differences can be due to differences in binary inclination angles (Fig. [TT]) . We suggest 
that the sequence of events, that is observed, takes place when the source approaches the 
Eddington limit. It is possible that a gradual increase in the geometrical thickness of the 
inner region (Compton cloud) is due to a gradual increase of total M (Fortner et al. 1989). 
What the observer sees strongly depends on the binary inclination angle i. At low i, the 
torus never comes to the line of sight and thus during FB the X-ray intensity (or flux) always 
increases, the N/FBO are seen all the way between 6 and 20 Hz (e.g. Sco X-1, GX 17+2). 
But at higher inclinations i, FB is seen out by the Earth observer when the flux increases 
and thus the Compton cloud (torus) shielding the NS enters into the line of sight, similar to 
that in case of Cyg X-2 (see illustration of this event in Fig. [TT]) . 

In general, sources observed at angles > 65°, the so-called dipping sources, show reg- 
ular dipping, modulated at the orbital period by the presence of an extended bulge. The 
observational situation can be different for GX 340+0 where achromatic dipping seems to 
relate to some turbulent accretion episodes at the inner edge of the disk. For this geometry, 
one can argue that inclination should not be so important. However if the inclination angles 
i are quite small one can see the direct BB component of the NS while in the case of GX 
340+0 this NS BB component is not observed and it can be an additional argument that 
the Earth observer sees GX 340+0 at relatively high inclination angles. 

In fact, if the transition layer (or Comptonization region) is puffed up then the NS 
BB direct radiation is not seen and in this case there is no dependence on the inclination 
angle. But if the luminosity less than Eddington then there is a difference between the low 
an high inclination cases. At the former case one can see the direct BB component of the 
NS while in the latter case the BB component is not seen. The NS BB radiation is up- 
scattered off Compton cloud plasma (the TL innermost part). This can be our case, because 
independently of the mass accretion rate (or spectral state), the illumination factor /2 of the 
NS soft photons is always about 1 (see Sect. 4.2.1). It means that we always see this source 
at high inclination angle independently of M. 

6. Conclusions 

In this Paper, we demonstrate the results of our study of spectral-timing correlations 
and their dependences on mass accretion rate observed in GX 340+0 with the RXTE and 
BeppoSAy^. We study the similarities between Z and atoll sources to make constraints and 
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figure out models which can explain X-ray spectral formation in these compact objects. In 
our study we use the broad energy band and adequate spectral resolution of the i?eppoSAX 
detectors in the 0.1—200 keV range combined with the extensive iJXTi? observations in the 
3—150 keV range. 

We find that the X-ray broad-band energy spectra of GX 340-1-0 can be properly re- 
produced by an additive model, composed of low-temperature Blackbody component, two 
Comptonized components with different seed photon temperature (Tsi/s2=l/l-5 keV). We 
should also add the iron-line ( Gaussian) component to fit the BeppoSAX and RXTE data 
of GX 340-1-0. Spectral analysis using our model demonstrates that the photon indices Fi 
and r2 of these Comptonized components only slightly vary around 2, namely ri=1.99±0.02 
and r2=2.00±0.02. While the electron temperature kTjp of the outer part of the transition 
layer (TL) changes from 21 to 3 keV and the electron temperature of the TL innermost part 
varies around 3 keV along Z-track from HB to FB. 

Based on RXTE data we detected ~6 Hz quasi-periodic oscillations at the flaring branch 
(FB), which were not detected previously in GX 340-1-0, but this type of QPO frequency 
have been revealed in PDSs of all other Z— sources at FB. 

We explain this stability of the indices F of Comptonozed components around a value 
of 2. The index stability now found for Comptonized spectral components of the Z source 
GX 340-1-0 during the state evolution of the source is similar to that previously established 
in atolls, 4U 1728-34, GX 3-(-l and shown for quite a few of other LMXBs (see Farinelli & 
Titarchuk, 2011). 

We also find in the BeppoSAy^ spectra that there are two blackbody components, one, 
with relatively low color temperatures 0.6-1 keV, is probably related to the disk emission 
and another one of color temperatures about 1.5 keV probably corresponds to the NS surface 
emission. 

We establish that kTe monotonically arises in the 3—21 keV range when GX 340-1-0 
evolves from FB to HB (see Fig. |H]). 

In ST 11 we show that if the energy release Qcot in the Transition Layer is much higher 
than that in the disk Qdisk i-e. Q cor I Q disk 3> 1, then the resulting photon index of the 
Comptonized component of the spectrum, T ^ 2. We also suggest that the index stability 
effect is an intrinsic signature of atolls, for example GX 3+1, 4U 1728-34, whereas in BHs 
F monotonically increases with M and finally saturates at high M values (see ST09). The 
indices of BHCs (GRO J1655-40, GX 339-4, GRS 1915+105, H1743-322, SS 433, Cyg X-1, 
4U 1543-47, XTE J1550-564) demonstrate strong correlation with M or with the soft (disk) 
photon normalization Ncom = Lsg/D^Q oc M. When M exceeds a certain level (a few times 



-26- 



of the Eddington mass accretion rate) the index F starts to saturate. In this Paper we show- 
that the behavior of the index T for NS GX 340+0 is the same to that in atolls, 4U 1728-34, 
GX 3+1, and thus is drastically different from that in BHCs. 

Our observational results and their theoretical explanation supports the idea that the X- 
ray spectral evolution of NS LMXBs, reveal the unique quasi-stabihty of the photon indices 
r of each Comptonized components near a value of 2. This can be explained by the model in 
which the energy release in the transition layer is much higher than that in the accretion disk 
and consequently the NS blackbody and thermal Comptonized components are dominant in 
the X-ray emergent spectrum. 

We acknowledge productive discussion of the paper with Chris Shrader. Also we should 
point out a very deep analysis of our paper by the referee who suggests many important 
modifications of the paper. 
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Table 1. The list of BeppoSAK observations of GX 340+0 used in our analysis. 



Number of set 



Obs. ID 



Start time (UT) 



End time (UT) 



MJD interval 



SI 
S2 
S3 
S4 
S5 
S6 



20261005 1997 Sep. 4 11:53:58 

20261006 1997 Oct. 2 20:32:50 
21240001 2000 Aug. 16 05:50:34 

212400011 2000 Aug. 18 06:16:17 

212400012 2001 March 9 19:27:20 
21375002 2001 Aug. 9 05:01:20 



1997 Sep. 4 19:33:21 
1997 Oct. 3 04:16:33 
2000 Aug. 18 05:56:11 

2000 Aug. 20 14:21:16 
2001 March 11 11:13:47 

2001 Aug. 10 08:56:49 



50695.5-50695.9 
50723.8-50724.4 
51772. 2-51774.2^ 
51774.2-51776. 9I 
51977.8-51979. 9I 
52130.2-52131. 92 



Reference. CP llaria et al. I l|2006l ): (2') iLavagetto et al. I l|2004l ') 



Table 2. The list of groups of RXTE observation of GX 340+0 



Number of set 


Dates, MJD 


RXTE Proposal ID 


Dates UT 


Rem. 


Rl 


50555 


20054 


Apr. 17 13:40:48 - 13:08:00, 1997 




R2 


50605-50609 


20059 


June 6 - 10, 1997 




R3 


50712-50756 


20053^ 


Sept. 21 - Nov. 4, 1997 


BeppoSAX 


R4 


51130-51131 


30040 


Nov. 13 - 14, 1998 




R5 


51772-51776 


50016 


Aug. 16 - 20, 2000 




R6 


51920-51924 


50016 


Jan. 11 - 15, 2001 




R7 


52908-52915 


80020 


Sept. 26 - Oct. 3, 2003 




R8 


53210-53262 


80020 


July 24 - Sept. 14, 2004 




R9 


53874-53907 


91152 


May 19 - June 21, 2006 




RIO 


54297 


93046 


July 16 01:14:56 - 01:29:20, 2007 




Rll 


54893-54894 


94312 


March 3 -4, 2009 





References: (D iChurch et al. 1 1 |2006|) 
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Table 3. Best-fit parameters of spectral analysis of BeppoSAX observation of GX 340+0 
in 0.3 - 150 keV energy range in three additive models^: wabs*(Blackbody + Comptb + 
Gaussian), wabs*(Blackbodyl +Blackbody2+ Comptb + Gaussian) and wabs*(Blackbody + 

Gomptbl + Gomptb2 + Gaussian). 



Model Parameter 00-20261005 00-20261006 00-21240001 00-212400011 00-212400012 00-21375002 
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0.65±0.05 


0.60+0.01 


0.81+0.06 


0.69+0.04 


0.91+0.06 


0.74+0.05 




Ntt 

Line 


0.45±0.02 


0.43+0.06 


0.55+0.07 


0.26+0.07 


0.39+0.07 


0.35+0.08 




, fd o f 1 


3.2 (336) 


1.29 (330) 


1.59 (332) 


1.3 (332) 


1.43(332) 


2.7 (330) 


wabs 




c 40+0 07 


K 2Q+0 Ofi 


K 49+0 09 


K 49+0 09 


fi "jci+o 07 


r. 70+0 09 






fiO-l-0 OS 

\J •\J\J -1—\J •\J(J 


cjQ+o 04 


Ki +0 05 

L» . "J X _1_ U . UiJ 


r,o+o 06 


t^s+o 08 


60+0 02 




Ntt 

" BBl 


2.1±0.1 


7 58+0 03 


7 98+0 09 


7 81+0 06 


8.2+0.1 


3 70+0 09 


hbodv2 


kToDo (keV) 

IV -L y y2 V y 


1 1 0+0 03 


1 50+0 06 


1 51+0 02 


1.47+0.04 


1 51+0 02 


1 50+0 04 




Ntt 


2 00+0 07 


6 42+0 5 


9 95+0 08 


7 96+0 09 


6 49+0 08 


4 7R+0 09 


pom TitV) 


a = r — 1 


1 00+0 01 


1 06+0 04 


99+0 03 


1 02+0 04 


1 05+0 06 


1 10+0 09 




kT. ("keVl 


1 21+0 OQ 


1 20+0 02 


1 26+0 07 


18+0 06 


1 20+0 08 


1 IQ+O OS 




Incr A 


-1 02+0 06 


-0 55+0 02 


-0 21+0 03 


-0 29+0 02 


-1 08+0 06 


2.0ttt 




kTe (keV) 


4.66+0.08 


3.51+0.09 


3.54+0.04 


3.35+0.03 


4.33+0.09 


3.32+0.02 




Ntt 


10.78+0.09 


8.67+0.05 


6.24+0.09 


7.16+0.08 


7.63+0.06 


5.43+0.07 


Gaussian 


E(i„e (keV) 


6.75+0.08 


6.78+0.09 


6.80+0.07 


6.81+0.05 


6.90+0.07 


6.75+0.05 




O-Jine (keV) 


0.95+0.04 


0.90+0.06 


0.89+0.07 


0.79+0.04 


0.91+0.05 


0.94+0.03 




Ntt 


2.60+0.05 


0.66+0.09 


0.65+0.08 


0.63+0.06 


0.53+0.07 


0.65+0.09 




X^ed (d-O.f.) 


3.28 (334) 


1.07 (328) 


1.53 (330) 


1.65 (330) 


1.63(330) 


2.18 (327) 


wabs 


Nff (cm-2) 


5.7+0.1 


6.0+0.1 


6.01+0.03 


6.3+0.1 


6.4+0.1 


5.4+0.3 


bbody 


kTss (keV) 


0.56+0.08 


0.57+0.04 


0.56+0.03 


0.53+0.05 


0.43+0.04 


0.57+0.01 




Ntt 

'^BB 


0.92+0.09 


0.9+0.1 


0.90+0.05 


0.91+0.04 


4.47+0.02 


2.01+0.06 


comptbl 


ai = Ti - 1 


0.99+0.04 


1.00+0.08 


1.02+0.07 


1.01+0.07 


0.99+0.01 


1.04+0.06 




kT,i (keV) 


0.70+0.03 


0.6+0.1 


0.69+0.02 


0.70+0.03 


0.83+0.04 


1.03+0.01 




logAi 


-0.32+0.06 


-0.30+0.07 


-0.30+0.05 


-0.30+0.03 


-1.42+0.06 


-1.33+0.07 




kTi^' (keV) 


5.38+0.02 


5.42+0.03 


5.60+0.04 


5.41+0.04 


6.04+0.03 


19.50+0.07 




Ntt 

G oml 


1.36+0.07 


1.86+0.04 


0.57+0.06 


1.53+0.04 


9.96+0.06 


3.97+0.07 


comptb2 


o!2 = r2 — 1 


1.01+0.03 


1.04+0.05 


1.01+0.03 


1.05+0.08 


1.06+0.05 


0.99+0.02 




kT,2 (keV) 


1.0+0.1 


1.00+0.09 


1.71+0.05 


1.06+0.09 


1.50+0.02 


1.51+0.04 




kxi^^ (keV) 


1.71+0.09 


1.90+0.02 


2.04+0.08 


2.05+0.03 


1.52+0.03 


2.76+0.09 




Ntt 


10.84+0.07 


12.17+0.06 


14.26+0.05 


13.11+0.04 


11.79+0.05 


8.20+0.06 



-33- 



Table 3 — Continued 



Model 


Parameter 


00-20261005 


00-20261006 


00-21240001 


00-212400011 


00-212400012 


00-21375002 


Gaussian 


inline (keV) 


6.85±0.08 


6.68±0.03 


6.68±0.05 


6.70±0.04 


6.71±0.03 


6.80±0.06 




Ntt 

line 


1.07±0.09 


0.89±0.08 


0.68±0.09 


0.77±0.09 


0.89±0.02 


0.7±0.1 




Xl, (d.o.f.) 


0.97 (332) 


0.98 (326) 


0.99 (328) 


1.38 (328) 


1.49 (328) 


1.28 (326) 



t Errors are given at the 90% confidence level, tt The normalization parameters of Blackbody and CompTB components axe 
in units of Lt^Y^*/(ifQ erg/s/kp(P, where L^y^* is the soft photon luminosity in units of lO^'^ erg/s, dio is the distance to the 
source in units of 10 kpc and Gaussian component is in units of 10~^ x total photons cm~^s~^ in line; ttt when parameter 



log(A) 3> 1, it is fixed to a value 2.0 for the model wabs * {Blackbodyl + Blackbody2 + Comptb + Gaussian), parameter 
log(yl2) is fixed at 2.0 for the model wabs * (Blackbody + Comptbl + Comptb2 + Gaussian) (sec comments in the text); o-n„^ 
of Gaussian component is fixed to a value 0.60 keV for the model wabs * {Blackbody + Gomptbl + Coniptb2 + Gaussian) (see 

comments in the text), Nh is units of 10^^ cm~^. 



Table 4. Best-fit parameters of spectral analysis of PC A+REXTE/ RXTE observations of GX 340+1 in 3 - 150 keV 
energy ranged Adopted model: wabs*(Blackbody + Comptbl + Comptb2 + Gaussian). Parameter errors are given at 

90% confidence level. 



Observational 
ID 


MJD, 
day 


Ql = 

Ti -1 


keV 


log(Ai) 


Coml 


Arttt 

Bbody 


Q2 = 

Ta - 1 


keV 


Nttt 

Com2 


keV 


^Hne 


X^^rf (d.o.f.) 


Fi/Ptttt 


20054- 


04 


01 


000 


50555 


570 


0.99(1) 


17.96(5) 


-1.19(4) 


4.72(9) 


1.03(9) 


1.01(1) 


2.72(7) 


11.77(3) 


6.74(9) 


1.05(2) 


1.17(67) 


9.89/3.49 


20059- 


01 


01 


000 


50605 


255 


0.99(2) 


5.43(2) 


-0.54(2) 


2.06(6) 


0.92(3) 


1.02(2) 


1.63(4) 


13.29(5) 


6.45(8) 


2.04(3) 


1.46(67) 


9.07/1.14 


20059- 


01 


01 


01 


50605 


904 


1.03(3) 


18.77(5) 


-1.32(2) 


4.68(4) 


1.04(8) 


0.99(2) 


2.74(1) 


11.72(6) 


6.67(9) 


1.03(5) 


0.93(67) 


9.87/3.39 


20059- 


01 


01 


02 


50606 


471 


1.03(2) 


20.40(9) 


-0.90(3) 


3.14(9) 


1.06(5) 


1.00(1) 


2.91(6) 


13.4(9) 


6.50(7) 


1.02(4) 


1.08(67) 


11.61/3.59 


20059- 


01 


01 


03 


50606 


996 


1.04(3) 


12.32(8) 


-1.09(4) 


3.45(5) 


1.01(6) 


1.03(4) 


2.49(1) 


16.03(4) 


6.5(1) 


2.09(2) 


1.19(67) 


12.36/3.50 


20059- 


01 


01 


04 


50607 


329 


1.02(2) 


12.34(9) 


-0.06(3) 


3.50(6) 


1.07(4) 


1.00(2) 


2.48(4) 


16.45(9) 


6.4(1) 


2.03(2) 


1.31(67) 


12.61/3.55 


20059- 


01 


01 


05 


50608 


008 


0.99(1) 


15.08(5) 


-1.29(3) 


6.47(5) 


1.09(5) 


1.02(3) 


2.70(2) 


11.65(9) 


6.40(9) 


2.83(6) 


1.08(67) 


10.86/3.53 


20059- 


01 


01 


06 


50609 


062 


1.01(2) 


11.28(8) 


-1.05(1) 


4.03(6) 


1.08(6) 


1.01(1) 


2.27(1) 


17.03(9) 


6.5(1) 


2.29(8) 


0.94(67) 


11.70/2.71 


20053- 


05 


01 


00 


50712 


048 


1.02(3) 


4.01(9) 


-0.42(5) 


2.88(9) 


0.92(7) 


0.98(3) 


2.18(3) 


8.67(8) 


6.74(3) 


0.75(7) 


0.84(67) 


10.58/1.56 


20053- 


05 


01 


01 


50714 


179 


1.06(4) 


3.12(4) 


-0.11(2) 


2.05(6) 


0.92(2) 


1.01(1) 


1.85(2) 


10.1(1) 


6.41(8) 


2.31(6) 


0.97(67) 


10.00/1.88 


20053- 


05 


01 


02 


50716 


066 


1.02(2) 


16.65(4) 


-1.20(3) 


4.76(5) 


1.03(9) 


1.02(3) 


2.69(1) 


12.55(4) 


6.7(1) 


1.03(9) 


1.09(67) 


10.52/3.47 


20053- 


05 


01 


03 


50920 


197 


1.05(3) 


12.96(9) 


-1.08(4) 


3.62(9) 


1.01(8) 


1.01(5) 


2.59(7) 


13.11(6) 


6.4(1) 


2.1(1) 


0.94(67) 


10.51/3.12 


20053- 


05 


02 


00 


50753 


947 


0.99(1) 


4.43(5) 


-0.56(1) 


2.04(2) 


0.92(1) 


1.04(3) 


1.56(8) 


16.35(1) 


6.62(2) 


0.70(4) 


1.12(67) 


9.42/1.14 


20053- 


05 


02 


01 


50754 


091 


0.99(2) 


10.09(8) 


-1.14(3) 


5.31(3) 


1.07(5) 


1.02(2) 


2.26(2) 


12.80(9) 


6.57(9) 


2.28(5) 


1.07(67) 


10.82/2.29 


20053- 


05 


02 


02 


50754 


825 


1.02(2) 


12.30(9) 


-1.08(4) 


3.38(6) 


1.0(1) 


1.01(3) 


2.48(1) 


15.98(8) 


6.36(9) 


2.09(9) 


0.93(67) 


12.37/3.39 


20053- 


05 


02 


03 


50755 


133 


1.03(2) 


11.34(8) 


-1.09(3) 


3.41(5) 


1.07(5) 


1.03(4) 


2.45(2) 


15.54(7) 


6.47(8) 


2.08(4) 


0.89(67) 


12.04/3.19 


20053- 


05 


02 


05 


50756 


680 


1.01(1) 


17.85(4) 


-1.21(2) 


4.76(7) 


1.04(8) 


1.03(5) 


2.71(2) 


11.71(3) 


6.8(1) 


1.06(5) 


0.89(67) 


9.89/3.28 


20053- 


05 


02 


04 


50756 


685 


1.05(4) 


12.94(5) 


-1.08(4) 


3.40(8) 


1.0(1) 


0.99(6) 


2.54(1) 


15.81(4) 


6.42(9) 


2.04(9) 


0.91(67) 


12.23/3.57 


30040- 


04 


01 


00 


51130 


995 


1.04(2) 


16.87(4) 


-1.46(3) 


6.23(7) 


1.04(6) 


1.00(2) 


2.69(3) 


12.03(8) 


6.45(2) 


2.18(2) 


0.86(67) 


10.19/3.39 


30040- 


04 


01 


06 


51131 


435 


1.02(2) 


17.78(9) 


-0.99(6) 


4.79(6) 


1.09(8) 


1.02(3) 


2.71(2) 


11.31(5) 


6.70(9) 


1.03(4) 


1.02(67) 


9.70/3.48 


30040- 


04 


01 


01 


51131 


601 


1.02(3) 


18.67(8) 


-1.34(2) 


4.70(8) 


1.08(7) 


1.02(3) 


2.78(3) 


10.71(4) 


6.70(8) 


1.03(2) 


1.06(67) 


9.18/3.24 


30040- 


04 


01 


020 


51131 


877 


1.00(1) 


19.65(7) 


-1.24(4) 


5.01(6) 


1.09(8) 


1.01(1) 


2.70(1) 


11.83(3) 


6.70(9) 


1.05(3) 


0.96(67) 


9.99/3.38 


30040- 


04 


01 


03 


51132 


596 


1.02(2) 


12.73(2) 


-1.05(2) 


3.48(3) 


1.03(7) 


1.01(2) 


2.39(2) 


16.86(4) 


6.47(6) 


2.24(2) 


0.96(67) 


12.91/3.32 


30040- 


04 


01 


05 


51132 


829 


1.05(3) 


12.91(8) 


-1.08(4) 


3.45(9) 


1.04(9) 


1.03(3) 


2.50(1) 


16.03(5) 


6.40(1) 


2.08(1) 


1.00(67) 


13.27/3.72 


30040- 


04 


01 


04 


51132 


881 


1.01(1) 


12.93(1) 


-1.07(1) 


3.33(5) 


1.03(8) 


1.02(4) 


2.51(2) 


16.68(9) 


6.40(6) 


2.14(2) 


0.96(67) 


12.67/3.49 


50016- 


01 


01 


11 


51772 


077 


0.99(2) 


12.91(4) 


-1.08(4) 


3.40(7) 


1.06(3) 


0.99(3) 


2.49(1) 


16.51(5) 


6.4(1) 


2.95(3) 


0.71(67) 


13.24/3.96 


50016- 


01 


01 


12 


51772 


144 


1.04(4) 


11.8(1) 


-1.10(7) 


3.5(1) 


1.01(4) 


1.01(2) 


2.4(1) 


17.29(9) 


6.41(7) 


2.18(4) 


1.03(67) 


13.11/3.42 



Table 4 — Continued 



Observational 


M J U 5 


ai = 


1,^(1) 


log(Ai J 


^rttt 

"Coml 


ivttt 

Bbody 


OC2 = 


kl ,, , 


Nrttt 




line 




p /ptttt 


iU 


day 


1 1 — 1 


keV 








"n 1 
1 2 — 1 


keV 




keV 








50016-01-01-000 


51772.210 


0.99(2) 


12.72(9) 


-1.04(2) 


3.39(9) 


1.04(9) 


1.03(4) 


2.45(3) 


16.55(8) 


6.70(9) 


0.80(5) 


1.02(67) 


12.69/3.43 


50016-01-01-01 


51772.708 


1.01(2) 


12.28(8) 


-1.09(2) 


3.49(5) 


1.04(8) 


0.98(4) 


2.39(1) 


17.34(5) 


6.4(1) 


2.62(6) 


1.12(67) 


13.08/3.52 


50016-01-01-10 


51772.742 


1.01(1) 


12.96(2) 


-1.08(4) 


3.35(7) 


1.02(3) 


0.99(1) 


2.54(2) 


16.19(8) 


6.42(9) 


2.89(2) 


1.01(67) 


12.50/3.73 


50016-01-01-07 


51773.012 


1.02(2) 


11.06(9) 


-1.06(7) 


4.0(1) 


1.01(6) 


1.01(2) 


2.29(1) 


19.4(1) 


6.53(8) 


2.29(5) 


0.76(67) 


12.83/3.10 


50016-01-01-02 


51773.082 


1.04(3) 


12.9(1) 


-1.08(6) 


3.48(9) 


1.04(9) 


1.01(1) 


2.45(5) 


17.31(6) 


6.40(7) 


2.16(7) 


0.76(67) 


13.11/3.75 


50016-01-01-03 


51773.146 


1.02(2) 


12.3(1) 


-1.02(3) 


3.39(4) 


1.32(5) 


1.05(4) 


2.45(9) 


17.46(5) 


6.70(8) 


2.94(5) 


0.87(67) 


12.72/3.81 


50016-01-01-04 


51773.211 


1.01(1) 


12.26(9) 


-1.10(2) 


3.47(5) 


1.33(9) 


1.04(3) 


2.46(7) 


17.67(8) 


6.64(9) 


2.90(4) 


0.76(67) 


12.76/3.77 


50016-01-01-05 


51773.281 


0.99(2) 


13.0(1) 


-1.06(2) 


4.49(3) 


1.02(8) 


1.05(4) 


2.46(1) 


17.41(9) 


6.40(5) 


2.79(5) 


1.16(67) 


12.61/3.71 


50016-01-01-09 


51773.362 


1.02(3) 


11.09(3) 


-1.13(1) 


5.6(1) 


1.12(6) 


1.01(1) 


2.32(2) 


14.31(9) 


6.54(9) 


2.09(2) 


1.07(67) 


11.47/2.69 


50016-01-01-06 


51773.619 


0.99(1) 


10.0(2) 


-1.14(9) 


5 5^) 


1.05(2) 


1.00(3) 


2.22(3) 


12.51(3) 


6 6(1) 


2.15(3) 


1.06(67) 


10.65/2.23 


50016-01-01-08 


51773.939 


1.05(4) 


9 2(1) 


-1.13(4) 


5 4(1) 


1 1(1) 


1.03(4) 


2.13(9) 


13 3(1) 


6 5(1) 


2.39(9) 


1.24(67) 


10.82/2.09 


50016-01-02-00 


51774.005 


1.02(2) 


5.42(4) 


-0.99(3) 


1.39(8) 


0.92(4) 


0.99(2) 


1.52(2) 


15.5(1) 


6.87(9) 


0.56(3) 


1.39(67) 


9.25/0.98 


50016-01-02-18 


51774.075 


1.05(6) 


3.30(5) 


-0.32(2) 


1.31(9) 


0.92(9) 


0.99(1) 


1.52(3) 


15.92(8) 


6.89(4) 


0.56(3) 


1.28(67) 


9.04/0.99 


50016-01-02-05 


51774.138 


1.01(2) 


2.8(1) 


-1.08(2) 


3.5(1) 


1.1(1) 


0.99(3) 


1.55(1) 


13.05(7) 


6.39(5) 


1.90(4) 


1.26(67) 


9.56/1.04 


50016-01-02-03 


51774.204 


0.99(1) 


3.67(6) 


-0.97(6) 


1.32(8) 


0.93(8) 


1.02(2) 


1 51(2) 


17 5(1) 


6.89(4) 


0.59(5) 


1.27(67) 


9.64/1.04 


50016-01-02-16 


51774.270 


1.01(3) 


3.34(3) 


-0.11(3) 


1 39(7) 


0.91(4) 


1.01(1) 


1.70(8) 


15.60(9) 


6.67(5) 


0.57(9) 


1.22(67) 


8.89/1.32 


50016-01-02-04 


51774.574 


1.01(2) 


12.9(1) 


-1.08(2) 


3 5(1) 


1 1(1) 

i. _Ly j.y 


0.99(4) 


2.46(1) 


15.23(6) 


6.40(6) 


2.86(4) 


0.99(67) 


12.38/3.51 


50016-01-02-12 


51774 704 


0.99(1) 


11.04(3) 


-1.05(4) 


4.08(9) 


1.01(7) 


1.01(3) 


2 3fi('2~) 


16 94('5~) 


6 33(5) 


4.28(5) 


95l'67~l 


11 47/2 87 


50016-01-02-17 


51775.001 


1.02(2) 


11.07(9) 


-1.13(5) 


5.49(7) 


1.06(3) 


1.00(1) 


2.4(1) 


14.82(6) 


6.58(6) 


2.94(8) 


0.98(67) 


11.88/2.94 


50016-01-02-02 


51775.067 


1.07(6) 


11.1(1) 


-1.08(2) 


4.02(8) 


1.9(1) 


1.01(2) 


2.4(1) 


16.41(8) 


6.38(7) 


3.10(1) 


0.97(67) 


12.54/3.18 


50016-01-02-07 


51775.200 


1.02(2) 


11.08(9) 


-1.05(4) 


4.18(9) 


1.07(9) 


1.00(3) 


2.3(1) 


16.53(8) 


6.37(4) 


2.02(3) 


1.03(67) 


12.02/3.05 


50016-01-02-06 


51775.267 


1.04(3) 


11.1(1) 


-1.12(3) 


4.87(2) 


1.00(1) 


1.02(2) 


2.39(9) 


14.45(6) 


6.56(3) 


2.08(2) 


1.02(67) 


11.17/2.62 


50016-01-02-15 


51775.533 


1.00(1) 


12.9(1) 


-1.09(1) 


3.49(9) 


1.02(3) 


1.05(5) 


2.45(6) 


15.56(3) 


6.42(7) 


2.06(3) 


0.97(67) 


11.99/3.32 


50016-01-02-08 


51775.734 


1.05(4) 


12.87(8) 


-1.08(5) 


3.41(5) 


1.03(2) 


0.99(3) 


2.49(1) 


15.52(8) 


6.45(4) 


2.88(4) 


0.99(67) 


12.02/3.40 


50016-01-02-10 


51775.998 


1.00(1) 


12.9(1) 


-1.07(4) 


3.52(9) 


1.07(5) 


1.06(4) 


2.39(2) 


15.15(8) 


6.40(5) 


2.49(5) 


0.94(67) 


12.31/3.39 


50016-01-02-09 


51776.064 


1.01(2) 


12.84(9) 


-1.06(5) 


3.34(7) 


1.0(1) 


0.99(3) 


2.41(1) 


17.31(9) 


6.40(6) 


2.69(3) 


0.99(67) 


12.42/3.37 


50016-01-02-13 


51776.131 


1.02(3) 


11.07(8) 


-1.13(7) 


5.58(9) 


1.06(4) 


1.01(5) 


2.31(3) 


14.21(9) 


6.6(1) 


2.75(4) 


1.20(67) 


11.53/2.72 



Table 4 — Continued 



Observational 


iVlJU, 


ai = 


1.^(1) 


10g(Al j 


^^ttt 

"Coml 


ivttt 

Bbody 


Ct2 — 




Nttt 




Afttt 
line 


Xred (d-O.t.) 




iU 


day 


1 1 — 1 


keV 








"n 1 
1 2 — 1 


keV 




keV 








50016-01-02-11 


51776.529 


0.99(2) 


3.24(2) 


-0.38(6) 


2.07(9) 


0.92(6) 


1.03(4) 


1.94(8) 


10.23(7) 


6.43(7) 


2.31(9) 


0.92(67) 


9.10/1.59 


50016-01-02-01 


51776.680 


1.01(2) 


4.12(4) 


-0.46(3) 


2.01(7) 


0.9(1) 


1.02(3) 


1.8(1) 


11.1(1) 


6.35(6) 


2.26(3) 


1.16(67) 


8.85/1.34 


50016-01-04-OlG 


51920.397 


1.01(1) 


18.81(9) 


-1.81(5) 


4.78(8) 


1.02(4) 


1.01(2) 


2.9(1) 


11.24(9) 


6.7(1) 


1.08(5) 


0.87(67) 


9.28/3.61 


50016-01-04-00 


51920.705 


1.03(4) 


15.92(5) 


-1.64(3) 


6.26(9) 


1.08(9) 


0.99(1) 


2.69(9) 


13.71(9) 


6.41(4) 


2.10(3) 


1.03(67) 


11.64/3.78 


50016-01-03-11 


51921.001 


0.99(2) 


12.94(7) 


-1.07(9) 


3.47(9) 


1.03(4) 


1.01(2) 


2.49(1) 


16.27(5) 


6.46(5) 


2.14(4) 


1.12(67) 


12.47/3.61 


50016-01-03-12 


51921.317 


0.99(3) 


11.79(4) 


-1.08(5) 


5.12(8) 


1.06(1) 


1.00(1) 


2.33(4) 


15.54(4) 


6.53(5) 


2.29(3) 


0.69(67) 


12.23/2.98 


50016-01-04-02 


51921.384 


1.02(2) 


4.35(2) 


-0.45(4) 


2.05(7) 


0.93(3) 


1.01(2) 


1.65(5) 


13.2(1) 


6.50(2) 


2.08(5) 


0.97(67) 


8.92/1.24 


50016-01-03-02 


51921.700 


0.98(2) 


3.44(3) 


-0.36(2) 


2.19(9) 


0.92(4) 


0.98(2) 


1.68(1) 


14.09(8) 


6.49(5) 


2.11(2) 


1.12(67) 


9.79/1.41 


50016-01-03-01 


51922.039 


1.01(1) 


3.08(9) 


-0.07(5) 


3.17(9) 


1.04(5) 


0.97(4) 


2.42(2) 


17.68(5) 


6.46(4) 


2.00(3) 


1.18(67) 


10.01/2.09 


50016-01-03-13 


51922.312 


1.03(5) 


11 3(1) 


-1.14(9) 


3.39(8) 


1.07(6) 


1.03(4) 


2.62(8) 


12.51(9) 


6.54(7) 


1.01(2) 


0.79(67) 


10.84/1.96 


50016-01-03-00 


51922.379 


1.05(4) 


5.42(2) 


-0.69(3) 


2.06(7) 


0.95(5) 


1.01(2) 


1.58(1) 


13.34(7) 


6.7(1) 


0.73(5) 


1.48(67) 


8.52/1.02 


50016-01-03-14 


51922.648 


1.04(3) 


8.40(3) 


-1.32(6) 


1.92(6) 


0.96(2) 


0.99(1) 


1.55(4) 


14.50(8) 


6.71(7) 


0.77(8) 


1.28(67) 


8.47/0.91 


50016-01-03-03 


51922.702 


1.05(4) 


4.04(9) 


-0.41(5) 


2.09(5) 


0.92(3) 


0.98(4) 


1.84(2) 


12.08(9) 


6.42(5) 


2.31(2) 


1.05(67) 


9.49/1.54 


50016-01-03-040 


51922.733 


1.01(1) 


11.80(3) 


-1.14(2) 


5.43(6) 


1.04(7) 


1.02(3) 


2.29(3) 


14.19(2) 


6.50(5) 


2.03(3) 


0.83(67) 


11.37/2.62 


50016-01-03-05 


51923.383 


1.09(2) 


17.67(7) 


-1.55(6) 


4 7(1) 


1.06(5) 


0.99(2) 


2.80(1) 


12.43(7) 


6.73(4) 


1.03(1) 


0.90(67) 


10.30/3.28 


50016-01-03-06 


51923.628 


1.03(3) 


19.91(2) 


-1.02(3) 


3.08(9) 


3.07(3) 


1.00(1) 


2.74(2) 


10.25(4) 


6.40(5) 


3.90(2) 


0.97(67) 


9.23/3.51 


50016-01-03-070 


51923.694 


1.02(2) 


17.26(3) 


-1.51(4) 


4.69(8) 


1.05(3) 


1.02(2) 


2.76(1) 


12.97(3) 


6.72(6) 


1.01(4) 


1.02(67) 


10.65/3.76 


50016-01-03-Oq 


51924.299 


1.05(6) 


17.10(6) 


-1.34(5) 


4.67(6) 


1.06(2) 


1.03(2) 


2 66(^) 


14.76(7) 


6.71(5) 


0.98(3) 


1.16(67) 


11 80/4 01 


50016-01-03-10 


51924.365 


1.01(1) 


12.52(6) 


-1.07(3) 


3.12(9) 


1.03(4) 


1.02(2) 


2.44(1) 


17.67(6) 


6.40(5) 


2.17(3) 


1.00(67) 


12.44/3.29 


50016-01-03-08 


51924.583 


1.03(3) 


17.51(8) 


-1.59(6) 


4.79(6) 


0.99(20 


0.99(1) 


2.8(1) 


12.11(8) 


6.71(7) 


1.08(2) 


0.79(67) 


10.03/3.67 


80020-02-01-00 


52908.041 


1.01(1) 


12.92(9) 


-1.07(8) 


3.40(5) 


1.03(9) 


1.01(2) 


2.44(1) 


13.08(9) 


6.41(2) 


2.97(3) 


0.98(67) 


10.32/2.84 


80020-02-01-01 


52908.109 


1.00(1) 


12.25(6) 


-1.05(3) 


3.39(7) 


1.07(8) 


1.03(4) 


2.42(1) 


13.76(6) 


6.43(2) 


2.98(2) 


0.94(67) 


10.09/2.63 


80020-02-02-00 


52914.565 


1.02(2) 


4.24(6) 


-0.53(5) 


2.08(6) 


0.92(5) 


1.01(1) 


1.67(2) 


10.04(5) 


6.24(9) 


2.31(5) 


0.89(67) 


7.23/1.04 


80020-02-02-01 


52914.941 


1.05(4) 


12.93(8) 


-1.08(4) 


3.45(5) 


1.02(8) 


0.99(2) 


2.48(6) 


12.91(4) 


6.42(9) 


2.94(3) 


1.07(67) 


10.24/2.92 


80020-02-02-02 


52915.008 


1.03(2) 


11.02(4) 


-1.13(7) 


5.56(4) 


1.01(7) 


0.99(1) 


2.31(7) 


11.68(6) 


6.50(9) 


2.28(2) 


1.02(67) 


9.35/2.23 


80020-02-04-00 


53210.048 


1.01(2) 


12.94(7) 


-1.08(7) 


3.47(6) 


1.05(6) 


0.98(2) 


2.53(6) 


14.38(4) 


6.45(3) 


2.82(7) 


1.33(67) 


11.26/3.29 


80020-02-05-00 


53222.037 


1.07(5) 


9.79(5) 


-1.12(1) 


4.05(4) 


1.03(7) 


1.05(4) 


2.12(2) 


12.06(8) 


6.51(9) 


2.96(3) 


1.06(67) 


9.61/1.85 
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Table 4 — Continued 



Observational 


Ayr TFi 
IVIJU, 


ai — 






wttt 

Com! 


jvttt 

Bbody 


Q2 — 




Nttt 




Afttt 
une 


^red (d-O-t-j 


F, /Ftttt 

1^1/1^2 


ID 


day 


i 1 — i 


KeV 








12 — 1 


KeV 




KeV 








80020-02-06-00 


53238.305 


1.04(4) 


18.96(8) 


-1.08(5) 




1.04(8) 


1.01(3) 


2.51(4) 


14.07(7) 


6.40(9) 


2.73(2) 


1.36(67) 


11.07/3.18 


80020-02-07-00 


53245.879 


1.03(2) 


10.14(9) 


-1.13(2) 


4.51(9) 


1.08(7) 


1.04(5) 


2.24(2) 


14.14(5) 


6.53(9) 


2.01(2) 


1.20(67) 


9.85/2.16 


80020-02-08-00 


53255.234 


0.98(5) 


20.53(2) 


-0.91(3) 


3.06(8) 


1.07(6) 


1.02(2) 


3.00(1) 


9.13(6) 


6.39(7) 


1.67(3) 


1.37(67) 


7.43/3.32 


80020-02-09-00 


53262.321 


0.99(2) 


11.23(8) 


-1.13(4) 


5.43(4) 


1.04(9) 


1.02(3) 


2.31(1) 


13.97(9) 


6.51(8) 


2.25(5) 


1.10(67) 


10.76/2.51 


94312-01-01-00 


54893.348 


1.01(4) 


17.84(8) 


-1.63(9) 


4.73(8) 


1.0(1) 


1.01(1) 


2.95(2) 


9.46(9) 


6.70(8) 


0.93(4) 


1.14(67) 


8.48/2.96 


94312-01-01-02 


54894.766 


0.99(2) 


14.01(9) 


-1.02(5) 


5.15(7) 


1.06(9) 


1.02(4) 


2.69(3) 


11.53(8) 


6.46(6) 


2.86(5) 


1.16(67) 


10.53/3.46 


94312-01-01-04 


54894.895 


1.10(9) 


12.54(8) 


-1.07(3) 


3.46(5) 


1.1(1) 


1.01(5) 


2.44(1) 


14.15(4) 


6.40(7) 


2.69(2) 


1.17(67) 


10.38/2.60 


93046-04-01-00 


54297.052 


1.02(5) 


11.02(9) 


-1.05(2) 


4.03(9) 


1.02(6) 


1.00(2) 


2.39(1) 


12.58(7) 


6.3(1) 


0.9(1) 


1.13(67) 


9.07/2.21 


91152-03-01-000 


53874.858 


0.99(2) 


9.02(8) 


-1.04(6) 


4.6(1) 


1.05(9) 


1.02(6) 


2.28(4) 


10.57(9) 


6.58(5) 


2.72(6) 


1.30(67) 


9.57/1.90 


91152-03-02-00 


53907.403 


1.05(4) 


10.11(1) 


-1.10(5) 


4.5(1) 


1.07(4) 


1.01(5) 


2.21(1) 


10.9(1) 


6.53(9) 


2.23(1) 


1.16(67) 


9.14/1.92 


91152-03-02-01 


53907.680 


1.01(1) 


11.0(1) 


-1.06(9) 


4.03(7) 


1.06(5) 


1.03(4) 


2.29(2) 


15.74(5) 


6.43(8) 


2.38(3) 


0.98(67) 


10.25/2.56 



t The spectral model is wabs * (blackbody + Comptbl + Comptb2 + Gaussian);coloT temperature Tbb of Bbody component is fixed at 0.6 keV and "seed" photon 



temperatures Tgi/Tg2 are fixed at 1.1/1.5 keV, respectively (see comments in the text); tt parameter log(j42) is fixed at 2.0 (see comments in the text), ^tt 
normalization parameters of blackbody and COMPTB components are in units of Lsr/dfg, where L37 is the source luminosity in units of lO^'^ erg/s, dio is the 
distance to the source in units of 10 kpc and Gaussian component is in units of 10~^ x total photons cm~^s~^ in line , aune of Gaussian component is fixed to a 
value 0.6 keV (see comments in the text), Nh was fixed at value of 6.2x10-^^ cm^^ (laria ct al., 2006), ttttgpectral fluxes (F1/F2) in units of xlO~^ ergs/s/cm^ 

for (3 - 10) and (10 - 50) keV energy ranges respectively. 



Table 5. Comparisons of the best-fit parameters of Z source GX 340+0 and atoll sources GX 3+1^ and 4U 1728-34^ 



Source 


Alternative 


Class^ 


Distance, 


Presence of 




comptb 


kTBB 


kTs 


/ 


name 


name 




kpc 


kHz QPO 


keV 




keV 


keV 




4U 1642-45 


GX 340+0 


Z, Bp, B 


10.54 




3-21 


0.08-0.2 


0.6 


1.1-1.5 


0.01-0.5 


4U 1744-26 


GX 3-1-1 


Atoll, Sp, B 


4.55 


none* 


2.3-4.5 


0.04-0.15 


0.6 


1.16-1.7 


0.2-0.9 


4U 1728-34 


GX 354-0 


Atoll, Su, D 


4.2-6.48 


+9 


2.5-15 


0.02-0.09 


0.6-0.7 


1.3 


0.5-1 



References: (1) ST12, (2) STll, (3) Classification of the system in the vario us schemes (see text): Sp = supe rcritical, Su = subcritic al, B = bulge, D = d isk, (4) 
Fender & Henry (2000), Ford et al. (1998), Christian fc S wank (1997), (5) Kuulkcr s fc van der Klis I ll200(j) . Ford et al . (2000), (6) Ivan Paradiis I l|l978l ). (7) 

bonker et all l ll998h . (8) iStrohmavcr . (.1998,) . (9) IXitarchuk fc Osherovich I l ll99Sl) 
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Comptonized Corona 
emission (kTg -3-21 keV) 
COMPTB 1 




Transition layer Neutron Star Accretion disk 



Fig. 1. — A suggested geometry of GX 340+0. Disk and neutron star soft pliotons are 
upscattered off hotter plasma of the Transition Layer (TL) located between the accretion disk 
and NS surface. Some fraction of these photons is seen directly by the Earth observer. Red 
and blue photon trajectories correspond to soft and hard (upscattered) photons respectively. 
In our model two Comptonization components are considered: the first one (Comptbl), with 
"seed" (disk) photon temperature T^i 1 1 keV and the CC electron temperature kTe^^ varies 
from 3 keV to 21 keV. The second Comptonized component {Comptb2 with ~1.5 keV) 

(2) 

and kTe which is related to NS surface and its inner part of the TL (boundary) layer 
respectively. 
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COMPTB Normalization, Lgg/D^ 



10 



Fig. 2. — Photon indices Tcomi and Tcom2 plotted vs. the normahzations of the Comptbl and 
Comptb2 components, respectively, measured in L^q/DIq units (see Table 4). Red and blue 
points correspond to Comptbl and Comptb2 components, respectively, which are related to 
thermal upscattering of soft photons by plasma electrons in CC and at the NS boundary 
layer, respectively. 
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Fig. 3. — Same as in Fig. [2] but plotted vs the best-fit electron temperatures of the Comptbl 
and Comptb2 components, respectively, measured in keV (see Table 4). 
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RXTE 
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Fig. 4. — The best-fit electron temperature kTe of Comptbl component (in keV), using our 
spectral model wabs * {blackbody + Comptbl + Comptb2 + Gaussian), is plotted versus flux 
ratio [10 - 50 keV/3 - 10 keV] during Z-state events. The horizontal dashed lines mark the 
branch regions of Z pattern. 
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Fig. 5. — Left panel: Flux ratio [10-50 keV/3-10 keV] versus flux in the range of 3-50 keV 
for RXTE data. The spectral branches have been indicated by pink points for FB, green 
points for NB and red points for HB. The direction of HB— >-NB— >^FB evolution is indicated 
by arrow. Right panel: Three representative EFe diagrams for different states along Z 
track of GX 340+0. Data are taken from RXTE observations 20053-05-01-01 {green, NB) 
20053-05-01-02 {violet, FB) and 20053-05-01-00 {red, HB). 
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Fig. 6. — Spectral hardness (10 - 50 keV/3 - 50 keV) vs flux in 3 - 50 keV range of Z source 
GX 340+0 {red), atoll sources 4U 1728-34 {blue, taken from STll) and GX 3+1 {green, 
taken from ST12), and BHC SS 433 {violet, taken from STIO) for RXTE data. 
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Fig. 7. — The normalizations Ncomi {red) and Ncom2 (blue) of Comptbl and Comptb2 
components, respectively, are plotted versus flux ratio [10 - 50 keV/3 - 10 keV] using our 
spectral model wabs*{blackbody + Comptbl + Comptb2 + Gaussian) during evolution events. 
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0.2 0.4 0.6 0.8 1 

Comptonized fraction, f 



Fig. 8. — Electron temperature kTe (in keV) plotted versus illumination fraction / for 
atoll sources GX 3+1 and 4U 1728-34 as well as for Z- source GX 340+0 (using a variable /i 
factor) during different states. Red, green and blue points correspond to RXTE observations 
of GX 340+0, GX 3+1 and 4U 1728-34 respectively. Along the track of Z source GX 340+0 
we show a sequence of CCD states: HB, NB and FB. Whereas along the tracks of atoll 
sources 4U 1728-34 and GX 3+1 we indicate a sequence of CCD states for these particular 
sources. kT^ is related to the sequence of CCD states for Z-source GX 340+0. The directions 
in which inferred M increases are indicated by arrows. 
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Fig. 9. — Top: evolution of the 3 - 150 keV flux during the 2000 (-R5) evolution events. 
Red/blue points A, B, and C mark moments at MJD = 51773.2/51774.7, 51773.6/51774.1 
and 51772.2/51774.6 related to different phases of Z-state evolution. Bottom: PDSs for 15- 
30 keV band {left column) are plotted along with the E * F{E) diagram {right column) for 
A, B and C points of X-ray light curve. E * F{E) diagrams (panels A2, B2, C2) are related 
to the corresponding power spectra (panels Al, Bl, CI). The data are shown by black points 
and the spectral model components are displayed by red, green, blue and dashed purple lines 
for Comptbl, Comptb2, Blackbody and Gaussian respectively. 
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Fig. 10. — Left panel: The u x power diagram of GX 340+0 in 0.01 - 150 Hz range, 
observed on August 18, 2000 (50016-01-02-16, MJD=51774.47, point Di on Fig. E]). The 
PDS accumulation time is 3876 sec. Blue solid line shows a smooth power spectrum. Broad 
QPO is centered at ufbo ~6 Hz and very low frequency noise component (VLFN) are 
present during flaring branch (see details in the text). Right panel: E * F{E) diagram is 
related to the corresponding power spectrum (point Di). The data are shown by black 
points and the spectral model components are displayed by red, green, blue and purple 
dashed lines for Comptbl, Comptb2, Blackbody and Gaussian respectively. Yellow shaded 
area demonstrates relatively low contribution of Comptbl component at point Di. 




Fig. 11. — A suggested geometry of GX 340+0 during state evolution. As GX 340+0 
moves from HB, through NB, to FB. CC puffs up, which affects a visibihty of the central 
area (NS). In the upper panel (FB) we schematically indicate a probable inclination of 
GX 340+0 as inferred from various observations (see text). In particular, the innermost part 
of the source is hidden by CC which causes dips in intensity ("dipping FB"). The successive 
decrease of screening effect during next stage (NB) is schematically shown in the middle 
panel. CC shrinking provides visibility of central region (NS). Finally, the lower (HB) panel 
demonstrates the minimal screening effect of central area, providing a proper contribution 
of NS emission. 
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Fig. 12. — L39 measured in Ncomptb x -Dfo units versus electron temperature Tg (in keV) 
obtained for Z source GX 340+0 [pink), we present a variable Ncomi normalization for this 
source; atoll sources GX 3+1 {red, taken from ST12) and 4U 1728-34 [blue, taken from 
STll) for RXTE data. Here Diq is the distance to the source (see Table 5). 



